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INTRODUCTION. 


Spruce is one of the most important woods in the Eastern United 
States. It grows on large areas in pure or nearly pure stands, is 
distributed over many of the Northern States, and extends into the 
southern Appalachians at the higher altitudes. It is used more than 
any other wood in the manufacture of paper, and supplies a large 
amount of lumber and other material. 

Various methods of forest management for spruce have been 
adopted by large lumber and pulp companies, of which spruce often 
forms the principal cut. The chief purpose of this bulletin is to 
formulate definite systems of forest management for various con- 


ditions.! 
USES OF SPRUCE. 


Early in the history of the first New England settlement spruce 
became established as a valuable wood in shipbuilding, for framing, 
topmasts, and yards; and, where oak became scarce in the vicinity 
of the northern shipyards, it was used for ship knees. It soon found 
its way also into the export trade and was sent to the shipyards of 


1 The author’s field investigations had to do chiefly with the spruce as it occurs in second growth. Ac- 
cordingly ,except for a reproduction study made in connection with the remeasurement of spruce permanent 
sample plots, the data and discussions concerning old growth or virgin conditions are based largely on an 
office study (1) of the material available in publications, of which the most important are the Adirondack 
Spruce, by Gifford Pinchot, Practical Forestry in the Adirondacks, by Henry S. Graves (Bulletin 26, 
Division of Forestry, U.S. Department of Agriculture),and the various annual forestry reports of Maine, 
New Hampshire, and New York, and (2) of the various unpublished data on spruce which have been 
collected by members of the Forest Service in times past. 


84949°—Bull. 544—17—_1 


an} 


<o, 


7 BULLETIN 544, U. S. DEPARTMENT OF AGRICULTURE. 


England, the Continent of Europe, and the West Indies, where it was 
classed as a construction timber. Not until considerably later, 
however, did it assume a place of importance in the general market 
for carpentry and buildmg use. When the supply of virgin white 
pine in New England declined, spruce was turned to as a substitute. 
Since 1840 the use of spruce as a lumber wood has steadily increased 
both in the domestic and foreign markets. Its rise as a raw material 
in the production of paper dates from about 1870 to 1875, although 
it was not until 1890 or 1895 that its consumption for this purpose 
became very important. 

The most extensive single use to which spruce is put now is the 
making of paper, news stock, principally. Fully half the annual cut 
of red spruce is consumed by the paper industry. 

Spruce is widely used in building and rough construction work, 
particularly where it is not exposed to the weather. In floors it 
wears better than white pine, but is inferior to many of the hard- 
woods. It retains its natural color when finished better than white 
pine, and it takes paint well. As imterior finish it is employed for 
stair work, ceiling, and door, sash, and casing material. It also is 
made into shingles, siding, and laths, but as shingle material is con- 
sidered inferior to many other woods. Large quantities are cut mto 
joists, large dimension stuff, and car stock, since for its weight it is 
one of the strongest woods on the market. After beg given pre- 
servative treatment to hinder decay it is employed for wharf and 
bridge piles, railroad ties, posts, and poles. 

On account of the resonant quality of the wood, its even structure, 
the absence of vessels, the extremely fine and regularly distributed 
medullary rays, and the straight and long fibers spruce is generally 
considered to be the best wood for piano sounding boards, as well 
as for wooden. musical instruments generally. For this purpose the 
wood must be of selected quality. It must be straight fibered and 
free from knots, and must have narrow and uniform rings and but 
little resin. 

Spruce belongs to the class of tasteless woods, and for that reason 
is extensively used for containers in which articles of food are packed 
or handled, such as tubs, firkins, butterworkers, churns, fish barrels, 
and boxes and crates for vegetables and fruit. It is likewise in 
demand for boxes in which cans and bottles of salad and other table 
oils are packed for shipment. 

Recently spruce has come into general use in the manufacture of 
airplanes. The wood meets satisfactorily the requirements of this 
industry, which demands lightness combined with strength and, 
above all, reliability, including freedom from hidden defects. It is 
used both for the upright posts and the general framework. 
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‘Minor uses of spruce are for matches, toys, clothespins, wooden- 
ware, sieve frames, cheese molds, and bandboxes. On account of 
its straight grain and light weight it finds a considerable use also in 
the manufacture of ladders, screen frames, cold-storage plants, 
refrigerators, pump stocks. furniture, canoe paddles, and light boat 
oars. 

Two by-products of spruce may be mentioned. The resinous 
exudations are used as chewing-gum, and the claim is sometimes made 
that they possess medicinal properties. The extract made from the 
tender tips of the branches by boiling with water forms the basis of 
spruce beer, a nonalcoholic beverage formerly very popular, particu- 
larly among seafaring men, by whom it was considered a preventive 
of scurvy. 


AMOUNT AND VALUE OF SPRUCE CUT AND IMPORTED. 


Table 1 shows for the year 19091 the amount of spruce of all 
species utilized for different purposes, and the total and unit value 
of the material for each use. More than three-fourths of the total 
was red spruce. . 

Spruce ranked sixth in 1909 in the amount of lumber produced 
and contributed 3.9 per cent of the total for all woods. It was 
surpassed by yellow pine, Douglas fir, oak, white pine, and hemlock. 
In pulp production it ranked first and supplied 60 per cent of all the 
wood used. Nearly one-third of this, however, was imported. 
Spruce ranked ninth in slack stave production (3.6 per cent); twelfth 
in slack heading production (1.3 per cent); and ninth in the pro- 
duction of slack hoops (0.03 per cent), being surpassed in all of these 
minor uses by red gum, pine, beech, elm, birch, basswood, and 
maple. One per cent of the veneers produced in 1909 were of spruce, 
which ranked fourteenth among the species. In addition, 1 per 
cent of all the shingles, 0.2 per cent of all the railroad ties, 0.3 per 
cent of all the telegraph and telephone poles, and 2 per cent of all 
the cross arms produced in the United States were of spruce. 


1 Forest Products of the United States, 1909, Bureau of the Censusin Cooperation with the Forest Service. 
Government Printing Office, 1911. This contains the latest complete enumeration covering minor as 
well as major forest products, which accounts tor its use here in place of more recent data covering but a 
part of the field. 
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According to the census,’ the reported production of spruce lamber 
remained practically stationary during the 10 years prior to 1909. 
The cut of 1909 was only slightly greater than that of 1907, and had 
the 1907 canvass been as complete it is probable that the 1907 pro- 
duction would have been found the greater, which indicates that the 
production of spruce lumber had then already passed its maximum. 
This assumption is borne out by subsequent figures, since in 1910 
there were but 1,449,912,000 board feet produced, in 1913 but 
1,046,816,000 board feet, in 1914 but 1,245,614,000 board feet, and 
in 1916 but 1,129,750,000 board feet. 

In the consumption for pulp in 1907 spruce showed a decline in 
amount and in proportion to the other woods used. In 1910 there 
was a still further decline, followed by a slight recovery in 1911 to 
not quite so much as was consumed in 1909. In 1914 there was an 
increase over 1909 spruce pulpwood consumption of approximately 
10 per cent with a total of 2,665,974 cords of which 1,957,487 cords 
was domestic spruce. By 1916 this gain amounted to approximately 
30 per cent with a total of 3,143,793 cords of which 2,399,993 cords 
was domestic spruce. In both years the consumption of imported 
spruce was below that in 1909, which had to be made good by the 
domestic spruce supply. This was done at the expense of spruce 
lumber production which in 1909 made up 63 per cent of the com- 
bined total of pulp and lumber supplied by domestic spruce which 
in 1914 was but 56 per cent and in 1916 only 48 per cent. Notwith- 
standing this material increase in consumption of spruce for pulp the 
combined total of pulp and lumber supplied by domestic spruce 
decreased from 2,575,172,000 board feet in 1909 to 2,224,358,000 
board feet in 1914 and 2,329,747,000 board feet in 1916. It is very 
evident that spruce lumber production was curtailed and a larger 
percentage of this high-grade material put into pulp notwithstanding 
that during the last two years European buyers of American forest 
products have increased their orders for spruce for all purposes 
abroad. Its accessibility in the east and its general all-round prop- 
erties, including lightness, have made it much in demand. 

In the use of spruce for slack cooperage and veneers in 1909 there 
was also a decrease, while in the number of railroad ties there was 
an increase due to the increasing use of chemical preservatives which 
made the less durable woods, such as spruce, more largely available 
for this purpose. 


1 Forest Products of the United States, 1909, Bureau of the Census in Cooperation with the Forest Service, 
Government Printing Office, 1911. This contains the latest complete enumeration covering minor as well 
as major forest products, which accounts for its use here in place of more recent data covering but a part 
of the field. 
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PRESENT STAND OF SPRUCE. 


The amount of standing spruce timber in the United States,’ 
according to recently revised estimates, is 116,500 million feet board 
measure, or 4 per cent of the total standing timber of all kinds. 
This stand is divided among the three commercial spruce regions as 
follows: The eastern or red spruce region, 48.3 per cent;? the Rocky 
Mountain or Engelmann spruce region, 30.3 per cent; and, the Pacific 
coast or Sitka spruce region, 21.4 per cent. 

The commercial stands of spruce timber in the eastern spruce 
region by States are given in Table 2. 


TaBLe 2.—Stand of spruce in the eastern or red spruce region. 


Billions 
State. of board | Per cent. 
feet. 

WENHTG). 6 6 Soe ecos Sate pee aS SBR Gee ee sae eo Cane one baa ncped a Set aeS peo oermecs 26.0 46.2 
ingen Jab ya pS NS - e555 bonmos bese cosa see nase nob os aeee Dasa sbeE es oes Ee oeeEc manana. 5.9 10.5 
SORES TTT ES Ae ee a a Bes oo ferarelcsetn rata sto oc cie arn een came eines 1.4 Pt) 
INTE GREE IGRI” OL i) SS a eS > es poae bad ecboncecarar coche pron sedapcroce 0.9 1.6 
Ison Wanlics os 5.5 eas se 3 BAe a ee ae ee eee ore eee Teo 23.6 
IAB aVihe ek oo ee ae ye Be SU RUE Goa EEE S AOD O SROs ase daAcae Eanes 0.2 0.3 
TOS: Wiifiin) 5 3 Seance SoREesesese ee ao5 ceca en oeeneet ona ee ee Coesbecsenarseaaon 8.6 15.3 
THIN eee coed cane see ease nartb Jen Haan DO CSE ape n CHES ARR ee a Seas eee 56.3 | 100.0 


VALUE OF SPRUCE AND SPRUCE STUMPAGE. 


In total value of annual lumber production in 1909 spruce stood 
sixth among the woods, with 4.3 per cent of the gross output, and in 
unit value of the manufactured product it stood fifteenth, with a 
value of $16.91 per 1,000 board feet. It was surpassed in total value 
by yellow pine, oak, white pine, Douglas fir, and hemlock; and in 
unit value by walnut, cherry, hickory, yellow poplar, ash, oak, 
cypress, cedar, basswood, white pine, sugar pine, cottonwood, elm, 
and birch. 

Table 3 shows the value of spruce stumpage by States, based both 
on estimates and on reports of sales collected by the Forest Service 
for the years 1907 and 1912. As a means of comparison the table 
includes the values for spruce in the Lake States, Rocky Mountain, 
and Pacific Coast States for these same years; also the census figures 
for all spruce for the years 1899 and 1904. 

The range of 1912 values was from $1 to $11 per thousand, accord- 
ing to estimates, and from $2 to $11, according to sales. The mini- 
mum estimated value, $1, was reported from North Carolina; and 


1 Unpublished estimates of the “Standing Timber in the United States,’’ prepared by the Section of 
Computing, Forest Service, February, 1915. 

2 The amount of spruce of commercial size remaining in the Lake States was apparently too small to be 
expressed in terms of billion feet. This is doubtless also true of other States, as those in the southern 
Appalachians, omitted from Table 2. 
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the maximum from New York. North Carolina, Tennessee, and Vir- 
ginia each reported $2 sales, and New York reported maximum 
price sales, $11. 

In seven of the red spruce States, Maine, New Hampshire, Vermont, 
New York, Maryland, North Carolina, and Kentucky, there was a 
rise in stumpage values from 1907 to 1912, while m the remainder 
there was a decline. Leaving out of consideration Maryland and 
Kentucky, where the number of reports is too small to form a reliable 
basis, the greatest rise took place in New York and showed a gain of 
25 per cent and 35 per cent on the basis of estimates and of sales, 
respectively. The next greatest gain was in North Carolina, where 
a rise of 21 per cent is indicated on the basis of 16 estimates. Ver- 
mont ranks third in percentage of increase; New Hampshire, fourth; 
and Maine, with the largest number of reports, shows the least in- 
crease in values, 6 per cent according to estimates and 3 per cent 
according to sales. New York also ranks first in the greatest actual 
increase, namely, $1.44 and $2, according to estimates and to sales, 
respectively, followed by Vermont, New Hampshire, North Carolina, 
and Maine, in the order named. 


TABLE 3.—Stumpage values of spruce 


ALL SPECIES OF SPRUCE.? 


1912 1907 
Average per 1,000 | Average per 1,000 | Average per 1,000 
feet from estimates.| feet from sales. feet. 
State. | 
| 
Value 7 .| Value . .| Value 7 
per 1,000 ae per 1,000 Se per 1,000 Number 
board z ' board boar 
feot, | Teports. | aoe. | Teports. cae reports. 
All: States reporting:.2) 25222 -25-2¢5246 $4. 54 488 $4. 16 175 $4. 35 383 
EASTERN (RED) SPRUCE. 

; : Sos ee 
Auleb astern States.c.<2 ok 2s 02h otete esac cs $6.11 236 | $5. 90 78 $5. 53 | 164 
All Northeastern States. ............---.-- | 6. 50 205 6.32 70 | 5.93 li4 
Maine oo cc ssc PIS at Re eee | 6.09 102 5. 93 37 | «5. 74 | 34 
INGWeblampshinescostke joeeaaa. teeeee 6. 78 28 6.54 13 6. 07 21 
MEIN Oia ate aactc anes eas eh nee 6. 82 25 6. 72 9 | 5. 87 31 
AlassachusettS.:.224-.-:-26- ese --- se 6.50 14 5. 00 3 7. 07 7 
ING? MORK. oo. 2c 5 oReeeont seein ooeee 7. 25 36 7.81 8 §. 81 21 
AVA ppalachian States... ..-2:25525..-.- suo 31 2. 15 8 4.62 50 
Rennsylivanitec -s-c20 2.2 seat aes 6. 37 cel Pa pepe, ess [a ten ee 8. 00 12 
Manyland|: 2-2: >= $2..c62ssascene nee 4. 50 Se | eet he | ine ee 3. 33 3 
Virginia... ..- shops Nerina ee ee 3. 00 3 2. 00 1 3.61 9 
WCSGAVETP INIA: 22 Socncc ke Soc eee cee ke ee 4.17 Baie eee lesen eee 4.63 15 
Norbhi@aroling i: oi5..3 tose sec ce ee 2252 16 2833 6 2. 08 6 
Kentucky..... Ee Sees Pd PO eg 6. 00 1 eee ee ae 1.63 2 
PRENMOSSOC Lona c2 hens. con ees eee mee 2. 00 1 2. 00 1 2.50 3 


1'The values per cord for pulpwood may be roughly approximated by halving those given in the table, 
git pouey the common practice in the northern spruce country is to figure a cord equivalent te 600 board 
eet. 

2 The census gave the average values of spruce stumpage for all States as $3.70 per 1,000 feet in 1904 and 
$2.26 per 1,000 feet in 1899. 
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TABLE 3.—Stumpage values of spruce—Continued. 


LAKE STATES (WHITE) SPRUCE. 


1912 1907 


Average per 1,000 | Average per 1,000 | Average per 1,000 


feet from estimates. feet from sales. feet. 
State. eer - 
Value Value | ay Value = : 
per 1,000 Number per 1,000 N Ee per 1,000 | eroke 
board . oar : yoarc 5 
feet. reports. feats reports. feet. reports. 

PMU Maer States eee ey eee eee. | $4.68 94 $4.59 | 20 $5. 60 99 
VAIS) eR eee eee Creer | 4.63 38 4.67 | 9 6.16 | 37 
Michivane® Sek 225.5... Fa femur tears | 5. 04 29 4.79 | 6 5, 21 47 
MIT NOS Oba oe nee ae ee pe te eerste | 4. 36 27 4, 20 | 5 5.47 | 15 

ROCKY MOUNTAIN (ENGELMANN) SPRUCE. 

All Rocky Mountain States. ..-.....-..-.-- $2. 12 7 $2. 37 | 51 Sis87.\ 52 
Mamba 8 955. 42582 26 2: fii 2.07 21 2.13 | 11 1.83 | 8 
WONT ES tins Jesus sa 2. 28 8 2.4 8 2. GO y) 
IGEN gan babes Seen ee 1.71 14 2.41 6 1.73 ll 
WiGinkt A eae ee eee 2.15 5 2.30 7 | 1.64 7 
olorad Ose ieee oo sas a okie 2. 31 25 2.45 14 | 2. 00 | 22 
INTAV AD) OC io ae oe os ee ee eee 2. 00 2 2. 00 1 ee a | eee 
New Mexico 2. 50 3 2.67 | 3 1.94 2 
BNO VAG Hs see serae eect mc ees ee ea Pee owe lo ctetinnse - 3. 00 | Pare Aare eel Beso yes 

{ 
PACIFIC COAST (SITKA) SPRUCE. 

iePaaificmiates-2e" wenen.5256--4 2-35.62 $2. 10 80 $2. 10 | 26 $1.58 68 
WAV eis a F100) ls ee a eS ere 2. 26 52 2.41 16 1.73 46 
(Otley FO) ee Geer AOE eee eae a eae 1.90 20 1.54 8 1. 40 14 
WaNTONMI Neer e out= ease ae ssn 1. 56 8 1.87 2 1. 03 4 


The number of reports from the remaining five Eastern or red 
spruce States which show a shrinkage in values is entirely inadequate 
for a reliable estimate of stumpage price tendencies. It is possible, 
however, that m such States as Massachusetts and Pennsylvania, 
where the amount of spruce was never extensive and where cutting 
1as been gomg on for many years, there is in fact an actual decline 
in values due to the poor quality of timber now available for cutting. 
This also may be the situation in Maryland, Virginia, and Kentucky. 
In West Virgmia, North Carolina, and Tennessee, however, the 
apparent decline is doubtless due to an insufficient number of re- 
ports, since the virgin spruce growth in these States is of choice 
quality, and much of it is in localities which are just now being 
developed. 

Eastern spruce in 1912 showed the second highest average stump- 
age value of 20 softwoods and the ninth highest of 38 softwoods and 
hardwoods combined.'' It was exceeded in value by cherry ($16.25), 
walnut ($15.64), pine ($8.35), ash ($7.87), yellow poplar ($7.87), 
hickory ($7.82), basswood ($7.70), and oak ($7.28). 


1Compiled from estimates on all species reported in 1912, 
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Too much dependence can not be placed on any of these values 
except for the purposes of general comparison, for the reason that 
through a process of adulteration of the purity of the product, so to 
speak, the true rise in value for a period of years is not shown by 
average stumpage price quotations. To illustrate: The average 
stumpage values per 1,000 feet in a certain locality might have been 
$2 twenty years ago, $3 ten years ago, and $4 to-day, while the quality 
of the cut in those years might have been 100 per cent first quality 20 
years ago, worth $2 per 1,000 feet, 67 per cent first quality 10 years 
ago, worth $4, and 40 per cent first quality to-day, worth $8, the 
differences bemg made up in the latter instances by cheap, low- 
grade material which 20 years ago could not have been given away. 
Thus the true rise in stumpage value, instead of being from $2 to $4, 
as indicated by the average stumpage figures, should be $2 to $8, 
based on the same class of product throughout the period. This is 
but one of many similar conditions which help to obscure the true 
rise which has taken place and is taking place not only with spruce 
but with all stumpage and which must be understood in making use 
of any general stumpage figures. 


RANGE AND DISTRIBUTION. 


Regarding the range and distribution of red spruce, the various 
botanical authorities are in disagreement. This condition arises 
largely from the fact that the red spruce and the closely allied black 
spruce are not perfectly distinguishable under some circumstances. 
When red spruce is segregated from the black spruce, its range is 
given as from Prince Edwards Island to the valley of the St. Law- 
rence River, southward to the coast of Massachusetts, along the 
interior hilly parts of New England and New York to the Allegheny 
Mountains, to western North Carolina, eastern Tennessee, and the 
higher peaks of South Carolina. When the black and red spruce are 
considered as a single species, the range extends, in addition to the 
above, from Labrador and Newfoundland to the valley of the McKen- 
zie River in latitude about 65° north and, crossing the Rocky Moun- 
tains, from the interior of Alaska to the valley of the White River 
and from the eastern foothills of the Rocky Mountains in Alberta 
through northern Saskatchewan and northern Manitoba to central 
Wisconsin and Michigan. The accompanying map (fig. 1) shows 
these ranges graphically as well as those for the other species of this 
genus which are indigenous to the United States. 

The red spruce occurs chiefly on well-drained uplands and moun- 
tain slopes. In the northern portion of its range it is found on the 
better-drained soils at or near sea level. Within the United States 
‘its commercial range is rarely below 1,000 feet elevation, although 
under some conditions it may extend somewhat lower, as, for instance, 
in swamps. In these situations the red and black spruce find their 
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common meeting ground and approach each other so nearly in char- 
acter of growth and appearance that it is difficult to determine at 
what point the one entirely supersedes the other. Red spruce is 
also found in small groves along the seacoast of southern Maine and 
northern Massachusetts. Spruce, presumably red spruce, is to be 
found in small parcels at between 200 and 500 feet elevation on the 
low rolling uplands of eastern Maine, where it has taken possession 
of old abandoned pastures. 

The upper limit of its range within the United States is at timber 
line, although in the Northeastern States its commercial limit may 
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Fic. 1—The botanical range of spruce. 


be set at about 4,000 feet above sea level. In Maryland its minimum 
altitudinal range is 2,500 feet above sea level and constantly rises 
toward the southern limits of its occurrence in northern Georgia. It 
probably reaches its commercial upper limit between 5,000 and 6,000 
feet in the mountains of North Carolina and Tennessee. 


FOREST TYPES. 


The old growth forests of the spruce region may be divided into 
four main types. The names chosen here for these types are those 
commonly used by lumbermen in describing them according to the 
various situations on which they occur. 
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The relative importance of the four types varies according to the 
locality. In the mountainous portions of central Maine the mixed 
hardwood lands and spruce slopes are of greatest importance, while 
in the northern part of the State the spruce fiat is the more prevalent. 
The spruce slope is the characteristic type in the White Mountain 
region. In the Adirondacks the mixed hardwood type is the most 
common, followed by the spruce swamp and the spruce slope. In 
the southern portion of its range spruce is only sparingly associated 
with hardwoods, the spruce slope type being more prevalent. 


SPRUCE SWAMPS. 


The spruce swamp type dominates the low-lying, poorly-drained 
areas, whose soil 1s a muck or peat, spongy in texture, and acid. The 
characteristic species are red spruce, black spruce, balsam, tamarack, 
cedar, soft maples, black ash, and other moisture-loving trees. 
Sphagnum moss and low water-loving herbaceous plants commor ly 
form the undergrowth. Spruce usually makes a slow growth in such 
situations, and is short and scraggly in appearance. It is particu- 
larly susceptible to windthrow on these soils, which prevents its at- 
taining as large size or as great age as when growing on the better 
types of soil. Even-aged stands are not at all uncommon, Numer- 
ous small islands of drier and firmer soil texture are scattered through- 
out this type of soil. They support a somewhat better growth of 
spruce, mixed with hemlock, white pine, birch, and some beech and 
sugarmaple. Balsam, tamarack, or arborvite will not infrequently be 
found predominating in the wetter portions; and black spruce is 
largely confined to such places. 


SPRUCE FLATS. 


The level and rolling flats bordering the swamps, lakes, and water- 
courses, are occupied by the spruce flat type. The soil is variable 
in composition, moderately deep where sandy or gravelly in texture, 
and shallow where stones and bowlders predominate. While the 
percentage of moisture may be high, the drainage is free and a favor- 
able condition is afforded for thrifty tree development. The flat type 
is in large measure a transition between the swamp type and the type 
of the mixed hardwood lands, and in many respects exhibits the 
characteristics of each. Spruce, birch, soft maples, white pine, hem- 
lock, and balsam are the characteristics trees in mixture. The 
presence of black ash, which is usually accompanied by considerable 
balsam, denotes conditions bordering on the swamp type. The 
presence of sugar maple, on the other hand, denotes a transition to the 
hardwood lands. White pine of good quality formerly occurred in 
abundance in this type in both Maine and the Adirondacks, par- 
ticularly where a sandy soil predominated. Spruce attains an inter- 


THE RED SPRUCE. i 


mediate development here, while birch and the better hardwoods are 
inferior in development as compared with the same species growing 
on the hardwood lands. Hemlock and red maple find the best con- 
ditions for their development in this type. Windfall is not wncom- 
mon, and as a result young even-aged stands of spruce are found 
occupying the ground where this has taken place. Second-growth 
stands of birch and red maple may also be found occupyimg such 


areas. 
MIXED HARDWOOD LANDS. 


The mixed hardwood type occupies the best soil sites of the region, 
usually the benches and the lower mountain slopes. The soil is here 
best adapted to hardwood growth, is deep, of more or less even 
texture, fresh, and well-drained. Besides spruce, sugar maple, beech, 
and birch predominate, and there is a scattering of hemlock, white 
pine, soft maple, cherry, and a variety of other species. The propor- 
tion of spruce in mixture depends on topographic conditions. On 
gentle slopes, broad benches, and low ridges the hardwoods find con- 
ditions so favorable to their development that the spruce is largely 
crowded out. The more irregular and broken topography enables 
the spruce to compete with the hardwoods on more nearly equal 
terms. What spruce lacks in reproductive power 1t makes up by 
its superior ability to grow on the rougher, thinner soils. The broken 
topography undoubtedly favors spruce on account of the higher per- 
centage of moisture to be found in the soils of the protected coves 
and slopes than in those of the gentle and more regular slopes of 
uniform exposure. Spruce attams its maximum development in the 
mixed hardwood type, as do also most of the hardwoods. 


SPRUCE SLOPES. 


The slope type occupies the steeper slopes, with thin, stony soil, 
above the hardwood land, and may extend to the limits of tree 
growth, although not infrequently it gives way to a scrubby alpine 
growth composed almost exclusively of balsam. The type is char- 
acterized by a nearly pure coniferous growth with spruce pre- 
dominating. Balsam is also present in appreciable quantities. 
The characteristic hardwood is yellow birch, which is generally of 
excellent quality. Hemlock, white pine, and a variety of hard- 
woods occur sparingly in the lower portions of this type or on the 
better soils of the lower ridges. Spruce of good quality, with tall, 
clean boles, closely set together in a dense stand, is produced on this 
type. As compared with the hardwood lands, spruce development 
is inferior here on account of the greater liability to windfall and 
poorer soils. Also because of the liability to windfall the forest 
is often comparatively young. 
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SECOND-GROWTH STANDS OF SPRUCE. . 


Partial or complete destruction, such as is effected by lumbering, 
windfall, or fires, will alter more or less completely the original char- 
acter of any of these types, depending on the severity of the cutting 
or the extent of the windfall or fire. The succeeding second growth 
will develop a strong tendency to produce a groupwise association of 
the species, which in case of extended destruction may effect a tem- 
porary replacement of the original growth by either of two general 
forms—pure, even-aged stands of spruce or balsam alone or in mix- 
ture with each other, hemlock, arborvitz, and hardwoods, or a two- 
storied form comprising an over wood, usually of such hardwoods as 
aspen, grey birch, fire cherry, and the like, and an understory of 
spruce. The last named is the typical one following fire. Never- 
theless, if left undisturbed, the characteristics of these stands will 
usually revert to those of the parent type. 


OLD-FIELD SPRUCE. 


Because of their economic possibilities, particularly as forecasting 
the results which may be expected from plantations, the old-field 
spruce stands merit special mention. As their name implies, they 
occupy abandoned lands formerly under cultivation or in pasture. 
They are essentially even-aged and composed chiefly of spruce. Here- 
after the discussion of second growth will refer to this character of 
the stand unless otherwise specified. 


SOIL AND MOISTURE REQUIREMENTS. 


Spruce is found on all kinds of soil. It is not exacting in its 
demands as to chemical composition, but prefers the well-drained 
eravelly and sandy loam soils of the mountain slopes and benches 
because of their favorable moisture conditions. Heavy soils are 
unfavorable to spruce because they hinder root penetration, accentu- 
ating its shallow rootedness, and thus render it more than ever liable 
to windthrow. 

Moisture is the most potent factor influencing the local distribution 
of spruce on the various soils. Soils like sand or coarse gravel, which 
are devoid of binding material, quickly lose their surface moisture. 
They therefore afford scant opportunity for the development of spruce, 
even though the water table is but a few feet below the surface, since 
the water can not be reached by the superficial root system. Spruce 
can endure a wet soil, such as the clays and fine alluviums occurring 
in swamps. It reaches its best development, however, on the inter- 
mediate gravelly or sandy loam soils with free drainage, yet with a 
plentiful supply of surface or subsurface moisture. 

Aside from these preferences of spruce, its distribution is dependent 
largely upon its ability to grow on sites unfavorable to its competitors. 
Spruce is not infrequently found almost solely in possession of large 
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areas on steep, rocky mountain slopes or wet bottom lands. Com- 
petition with the hardwoods is reduced both by their inability to adapt 
their root systems to the shallow soil and by excessive moisture con- 
ditions. Thus spruce is found most abundantly, not where the best 
conditions for its own growth exist, but where its competitors are 
not readily able to grow. 

On the more favorable soils such agencies as fire, windfall, and 
fungous or insect attacks may prove a means by which the extension 
of spruce is made possible, provided a sufficient number of spruce 
seed trees remain to seed up quickly the ground formerly occupied by 
its competitors. 

LIGHT REQUIREMENTS. 

Spruce is one of the most tolerant of shade of our forest trees. Of 
the associates, only hemlock, and possibly sugar maple.and beech, 
are more tolerant.' Spruce also possesses to a remarkable degree the 
power to recover and grow in a thrifty and normal manner follow- 
ing its release from long periods of suppression. Having once gained 
a foothold in the selection forest, the young spruce grips life tena- 
ciously, struggles along for many years under the shade of the forest, 
and gradually forces its way upward as natural thinning reduces the 
number of its overtopping competitors. It is in fact to these quali- 
ties more than any others that spruce owes its ability to persist as a 
factor in the mixed selection forest of the Adirondacks, in the North- 
east, and throughout its range. 

Strangely enough these tolerant and recuperative qualities are 
most characteristically displayed by spruce in the selection forest. 
In the dense, even-aged pure stands, root competition and mechan- 
ical interference due to overcrowding enter in to complicate the situ- 
ation. ‘Trees which are suppressed under these conditions recuper- 
ate very slowly, if at all. Most often, when the stand is opened up 
sufficiently to afford the requisite amount of light and growing space, 
the suppressed crown is so reduced in size and vitality as to make 
recuperation imperceptible for a period of years. Such suppressed 
trees when released from overcrowding often suecumb to windthrow 
or sun-scald. 

Balsam although moderately tolerant is less so than spruce, the 
keen rivalry between the two species being due to other qualities in 
which balsam surpasses spruce. 


WINDFIRMNESS. 


Unlike most hardwoods and some of the conifers, notably the yel- 
low pine and Douglas fir of the West, spruce develops a very super- 
ficial root system. On account of the intimate relation between the 
root and the crown of a tree and the active competition of root sys- 


1 Under the keenly competitive conditions which prevail in even-aged second-growth stands, spruce is 
able readily to suppress and kill out even these species. 
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tems, particularly those of the shallow-rooted species, spruce is much 
less windfirm when growing in crowded or pure stands than when 
growing in the open or in mixture with hardwoods. Thus the rela- 
tive size and the form of the crown of spruce growing under different 
conditions of density and association is an index of its comparative 
windfirmness. 
REPRODUCTION. 
SOIL, MOISTURE, AND LIGHT. 


Spruce finds its most favorable conditions for germination and sub- 
sequent early growth on the moist forest floor under cover of the not 
too dense stand of the selection forest. Here a suitable seedbed of 
moss, dead wood, and needle litter is found, which, being protected 
from exposure to the drying influences of sun and wind, affords suffi- 
cient moisture for germimation and early development. That spruce 
appears to be selective in its seedbed requirements, and that observ- 
ers are in disagreement as to whether it does better on mineral soil 
or on moss, dead wood, or duff, is largely because so much depends 
upon the moisture conditions in the different materials. 

A plentiful supply of scil moisture is absolutely essential, not alone 
at the time of germination but throughout the period when the young 
plant is becoming established. This condition can be most readily 
obtained, and with the minimum amount of free moisture in the form 
of precipitation and seepage, under cover of the forest. That spruce 
will germinate and contiue to grow and thrive on mineral soil can 
not be gainsaid, but only when such soil is protected from drying 
influences and is plentifully supplied with a constant amount of avail- 
able moisture at or very near the surface. The same applies to 
to needle litter and old logs. 

Needle litter when under a pure stand of spruce, particularly dense, 
unthinned, even-aged stands, is apt to accumulate much more rapidly 
than it will disintegrate. The upper layer forms a loosely compact 
mantle, which rapidly loses its surface moisture when exposed to 
drying influences. In the early spring or late fall, when humid con- 
ditions prevail, this mantle of needle litter contains sufficient moisture 
to induce germination, but the young plants are soon after destroyed 
by frost or drought. Furthermore, it is difficult for the young seed- 
lings to extend their root systems through the litter to mineral soil. 
In consequence, it is not suitable for a seedbed, and in fact, under 
such circumstances, is a great detriment to reproduction. If no great 
depth of such litter exists, so that the disintegrating humus layer is 
practically at the surface, the seedbed is admirable, since the humus 
is very retentive of moisture, and the vegetable mold full of nourish- 
ment. Acid humus, however, is not suitable, for though it is most 
common in supermoist situations it is physiologically dry. The same 
general considerations that apply to needle litter apply to a still 
ereater extent to the leaf litter from hardwoods, since, particularly 
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Fia. 3.—UNDER A STAND OF WHITE BIRCH AND POPPLE ON A BURN OF 40 YEARS AGO. 
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in the case of the thicker leaved hardwoods like maple, the duff not 
only sheds water and thus dries out quickly at the surface, but it 
also offers a considerable resistance to the root penetration of the 
rerminating spruce seedlings. 

The presence of moss is simply an indication of the presence of 
surface moisture throughout the growing season in sufficient amount 
to afford favorable conditions for spruce germination. An unbroken 
grass sod hinders the reproduction of spruce, both because it resists 
the progress toward the mineral soil of the rootlets of the young 
plant and because it makes excessive demands on subsurface mois- 
ture. In very moist and wet situations grass sod is seldom con- 
tinuous, and in such places spruce has no trouble in starting under 
the cover and protection of the rank growth. 

Protection from direct insolation and wind is also of importance, 
since they not only cause the drying out of the upper layers of the 
soil but induce rapid transpiration from the leaves of the young 
plants. This latter is particularly disastrous in the winter season 
when the soil is frozen and the seedlings are prevented from replenish- 
ing from the soil the supply of moisture thus given off. Such a 
condition is most likely to develop during a season of little snow, or 
where through exposure to an unbroken sweep of wind the snow has 
little chance to accumulate. In these open, bare situations, also, a 
warm day causing rapid thawing may be followed by freezing at 
night, which loosens the soil around the roots of the seedling and 
thus allows these tender members to be exposed to drought and frost. 

In addition to moisture, a certain amount of light is absolutely 
necessary if the seedling is to endure beyond the period of germina- 
tion. Since, however, spruce does not make extravagant demands 
in its light requirements, little difficulty is encountered in securing 
suitable conditions in this respect. 


SEED PRODUCTION. 


Authorities vary widely in their estimates of the frequency and 
abundance of spruce seed production. So far as is known, no obser- 
vations have been carried on over a sufficient period of years to 
determine this with any degree of certainty. Spruce unquestion- 
ably produces a certain amount of seed annually, and conditions 
may be such that a good crop will occur for two successive years. 
In general, however, the interval between succeeding full seed crops 
varies from three to seven or eight years. 

Spruce produces from 50 to 90 per cent perfect seed; from 60 to 
80 per cent of which germinate. The seeds retain their vitality for 
at least two years under ordinary conditions of storage, and probably 
much longer. Variations are due to the conditions in the seed year. 
An off year not only produces fewer seeds, but the quality is poorer. 
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The age at which spruce begins to bear seed of good quality varies 
widely, depending on the soil quality, the exposure, and whether 
the tree is growing in the open or in the forest. In the virgin forest 
the production of seed is only indirectly a function of age and is 
more directly dependent upon size. The individual tree varies 
greatly as to the age when it becomes freed from suppression and 
enters upon a normal stage of development, thus gaining for itself a 
place in the full light of the upper crown classes. It appears from a 
study of the spruce made by the Bureau of Forestry’ in cooperation 
with the Forest Commission of Maine in 1901, that in no case was a 
tree smaller than 5 inches in diameter at breastheight found bearing 
cones. The average age of spruce of this size in the virgin selection 
forest may be placed at about 100 years and in even-aged second- 
growth stands at from 20 to 30 years. Other observers have reported 
forest grown trees of three or four inches in diameter bearing seeds 
wherever their crowns were not directly under the shade of some 
other tree. The largest quantity and best quality of seed is pro- 
duced in the virgin forest by trees from 10 to 18 inches in diameter 
at breastheight. In other words, spruce in the forest begins to 
bear seed when the crown succeeds in reaching the light, and begins 
to bear heavily when the top of the crown thickens. At first a few 
cones are borne near the main stem below the last year’s growth, and 
as the crown thickens and spreads the cones are borne on the side 
branches. The first seed produced is of very poor quality. 

In the open and under favorable soil and exposure conditions, 
seed production begins as early as the fifteenth or twentieth year, and 
heavy crops follow by the thirtieth or the thirty-fifth year. In the 
dense, even aged second-growth spruce stands the cones begin to be 
sparingly formed about the thirtieth year under the most favorable 
conditions; but a safe average for initial seed production in such 
stands would be not earlier than from the thirty-fifth to the fortieth 
year, with a full crop production about five or ten years later. Spruce 
continues to bear seed to an advanced age. 

Spruce seeds begin to mature between September 15 and October 1, 
depending upon climatic conditions. Seed collecting, therefore, can 
be most profitably confined between these dates; or if a larger amount 
of seed is required than can be collected during this period, the work 
should be begun earlier and timed so as to reach completion by Octo- 
ber. Upon full maturity the cones open and many of the seeds fall 
out, although not all, for frequently a considerable amount of seed 
can be seen on the surface of the late snows in February and March. 
After the cones are fully matured they are easily dislodged during 
lumbering; but if they are not disturbed, they remain on the trees 
until the next spring or early summer. The seed is light and winged 


1 Now the Forest Service. 
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and thus can be carried a long distance by the wind, variously esti- 
mated at from one-fourth to one-half mile. Its effective range under 
ordinary conditions is, however, very much less than that, probably 
not more than 200 feet. 

COMPETITIVE DISADVANTAGES. 


Spruce is subject to considerable competition with other species for 
the possession of the ground. In the mixed softwood and hardwood 
stands, beech and maple are its chief competitors; and in the soft- 
wood stands, balsam. Such species as witch hobble, briars, and the 
like often take possession of the ground after logging or fire, also fire 
cherry, aspen, and birch. These latter, however, soon open up their 
crown cover sufficiently to admit of spruce coming in beneath. 
The competition where briars and their associates occupy the ground 
after extensive cuttings or fire, is largely a matter of unfavorable seed- 
bed conditions. 

The competition of balsam, on account of its close association with 
spruce, is of vital importance. [t almost invariably happens that on 
the replacement of stands where these two species occur in mixture, 
balsam largely predominates in the second growth. Balsam pos- 
sesses the two distinct advantages over spruce of a plentiful supply 
of seed annually and of a decidedly more rapid growth, particularly 
in the seedling stage. While the moisture, seed bed, and to a great 
extent the light requirements are about the same for both, the more 
rapid growth of balsam enables it to extend its root system more 
vigorously and thus become established more quickly and more 
firmly under seed-bed conditions in which spruce, although germi- - 
nating with equal facility, is later exterminated through subsequent 
drying out of the upper layers before its roots have become firmly 
established. Soil acidity under spruce growth is supposed to be 
inimical to the development of the spruce seedling, while the balsam 
seedling is unaffected by it. Spruce, however, will come in under 
balsam without difficulty. This has led to the supposition that a 
balsam growth must intervene between successive growths of spruce 
in order to ‘‘sweeten”’ the soil. 

While the theory may be true, a contributory cause at least may 
be found in the character of the litter under the two stands. Spruce 
needle litter, particularly under dense forest conditions, is very resist- 
ant to decay. It thus has a tendency to accumulate faster than it 
can be decomposed, forming an inert soil cover of considerable 
depth, resistant to root penetration and porous, quickly draining 
away the water close to the surface so much needed by the small, 
slow-growing root system of the young spruce seedlings. This handi- 
cap the more vigorously growing balsam seedling is able to overcome 
so as to establish itself in place of the spruce. But balsam needle 
litter, decaying much more readily than the spruce, does not accumu- 
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late undecomposed to anything like the extent that spruce litter 
does. Thus the moist humus layers lie close to the surface and 
materially aid the young spruce to get established. 

Further than these, however, a condition was recently observed 
which, if noted by other observers, has not been mentioned before in 
any published work on the spruce and which places the spruce at a 
still further disadvantage in its competition with balsam and with 
hardwoods as well. During the examination of the forest floor under 
the normal cover of even-aged spruce stands in the latter haif of 
September (1910), a large quantity of germinated spruce seed was 
found which must have been from the recently ripened seed crop, 
since only the seed leaves were developed, and in many cases even 
the seed-coat still enveloped the tips of the embryonic leaves. 
These spruce germinates were so thick in places as to make it im- 
possible to place a finger on the ground without crushing several. 
Balsam seedlings were also found, but remotely scattered as single 
individuals and almost without exception spring germinates, with 
well-developed stems and permanent leaves. One and two year old 
balsam seedlings were also present. Spruce of this age was entirely 
lacking, and seedlings of the previous spring’s germination were also 
only sparingly represented. 

Balsam seed trees were not very numerous, so that this condition did 
not of itself indicate much with relation to the behavior of that species; 
but subsequently a stand of almost pure balsam, within a short distance 
of the spruce plot just mentioned, was examined. Here, although the 


site was not quite the same, the density of the cover was very similar 


and in places conditions were even more favorable to germination 
and early growth than in the spruce stand. <A close examination of 
the humus and light moss cover failed to disclose more than a scat- 
tering of balsam fall germinates, although the presence of new sound 
seeds in considerable quantity was disclosed. Balsam seedlings from 
spring germinates were plentiful, occurrmg as individuals, while 1 
and 2 year old seedlings were also numerous. 

In contrast to this condition spruce in the young growth of open 
pastures was observed to be much more prevalent than balsam. In 
explanation of this apparent reversal of the reproduction capacities 
of the two species, it seems entirely probable that in the fal! soil 
moisture and general climatic conditions are, in the open, much 
less favorable to germination of spruce than in the forest. [ur- 
thermore, the principal seed distribution of spruce in the open, 
except in the immediate vicinity of seed trees, doubtless occurs later 
in the season from seeds subsequently dislodged from the cones by 
the winter storms. Thus in the open a relatively larger percentage 
of spruce seeds would lie over for spring germination with a corre- 
spondingly better chance of becoming permanently established. 
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As to the less favorable showing of balsam, this was unquestion- 
ably due in part to the smaller production of balsam seed, since 
there were fewer balsam than spruce seed trees in the particular 
locality where conditions were observed. Then, too, balsam seeds 
are heavier than those of spruce, so that they would not be carried 
so far by the wind, and balsam seedlings are also browsed by cattle 
much more than spruce. 

If this behavior of spruce and of balsam in regard to time of seed 
dispersal and germination is typical of the two species, it can be 
readily seen that even with a less production of fertile seed than 
spruce, balsam would have a considerable advantage. The fall ger- 
mination of spruce would subject the very young seedlings to a 
material reduction in numbers and vitality during the first winter as 
a result of winter-killing, while the loss to balsam from this cause 
would be comparatively insignificant. 

Spruce is at a disadvantage, too, in its early struggle for a foothold 
in mixed hardwood stands. The usual explanation for its failure to 
come in more plentifully under a mixed hardwood forest after cut- 
ting is that the abundance of hardwood leaf litter on the ground at 
the time of seed fall prevents the spruce seéds germinating thereon 
from getting their roots into mineral soil, both because of the tough 
and impenetrable texture of the birch, maple, and other hardwood 
leaves and because the loosely compact surface layer of leaves sheds 
the moisture and quickly dries out before the young spruce can get 
established. While these undoubtedly are among the contributory 
causes, observations made in Waterville, N. H., in the spring of 1911 
in connection with spruce reproduction plots under hardwoods sue- 
gest that here again the early seed dispersal habit of spruce works 
to the disadvantage of its reproduction. On several of these plots 
after the leaf litter of the previous fall was removed a considerable 
number of spruce germinates of that spring were counted. Many, 
however, were either wilted or had already succumbed to “damping- 
off,’ while others were bleached almost white and the stem and leaves 
were turgid and succulent, but without vigor, doubtless from too 
humid growing conditions and lack of sufficient light. This was par- 
ticularly noticeable under moosewood and young hardwood brush 
with large coarse foliage. The absence of any one-year or two-year 
spruce on these plots was also noticeable. A marked contrast to this 
condition was found where any part of these plots happened to be 
protected from the heavy hardwood leaf fall by a group of suppressed 
spruce or small balsams or a pile of slash. Here there would be a gen- 
erous number of spruce germinates and one and two year seedlings as 
well. In fact, reproduction appeared to be entirely satisfactory. 

Whether fall germmation takes place in these circumstances or 
not, the seeds, or germinates, will be covered with a thick layer of 
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hardwood Jeaves. In the spring the warm rains and sun start fer- 
mentation of this mulch, and while this at first affords conditions 
exceedingly favorable to the germination of the spruce seed, the 
young seedlings are unable to survive the continued heat and humid- 
ity and the general smothering effect of the hardwood leaf litter. 
The trouble thus seems to be not that the seedlings are unable to 
get their roots into mineral soil or other suitable material as is usually 
claimed, but that the heavy mulch prevents them from getting their 
shoots up into the needed light and air. 


FORM. 


The form of spruce varies widely and is determined largely by its 
stage of development and whether it grows in the open or in the 
forest. Like all other conifers, however, it always develops a well- 
defined central axis. In the open and before arriving at the stage 
in the forest where its lower limbs begin to be suppressed, spruce has 
a long, wide-spreading, conical-shaped crown, which extends well 
down to the ground. Its bole tapers rapidly. This form is retained 
to a large extent throughout life by the trees growmg in the open, 
although their crowns open out and become less regular in outline 
with advancing age. In the forest the crown is more compact and 
has a conically topped head. As the tree grows in height the crown 
becomes shorter in proportion to the total height through the lower 
branches dying out more rapidly than new ones can be produced 
above. ‘The bole at the same time takes on a more cylindrical form 
below the crown. ‘Trees growing in the selection forest are likely to 
taper a little more rapidly than those in the even-aged stands, since 
they receive more side light and thus retain a longer crown than the 
more densely crowded, even-aged ones.' 


LENGTH OF LIFE AND MAXIMUM SIZE. 


Spruce may be classed as one of the longest-lived trees in the 
eastern United States, ranking with the white oak in this respect. 
In a virgin stand spruce seldom matures under 200 years, and the 
average age of the trees in such stands 1s undoubtedly nearer 250 or 
300 years. According to Mr. Austin Cary, the oldest spruce which 


or 


came under his notice in Maine was approximately 400 years (372 


‘ An example of the variable form and development of spruce growing under different conditions is shown 
in the following abstract from a memoir on the Adirondack spruce by the late Col. W. F. Fox, Superin- 
tendent of State Forests, in the Report of the Forest Commission, State of New York, 1894: “A 
spruce 20 inches in diameter growing in a clump of spruces will yield five logs 13 feet 4 inches in length, 
while one of the same diameter in a scattered growth mixed with hardwoods will yield but four logs. In 
the one growing among hard woods after four logs have been cut from the trunk the diameter of the last 
or top log at its small end will be from 10 to 12 inches, but the limbs above this point will be so thick and 
large that the fifth log would not be over 5 or 6 inches at the top and would not be accepted by the lumber- 
man. A tree of the same species and size growing in a clump will yield five logs because the shaft does not 
diminish in size so fast owing to the lighter growth of limbs that form its top. While the larger spruce are 
found scattered among the hardwoods, the tallest ones of like diameter are found growing in the spruce 
clumps.” 
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years on the stump). The tree measured 28 inches in diameter and 
97 feet in height, and a merchantable log 65 feet in length was cut 
from it. The central stem measured 200 cubic feet (from 1,200 to 
1,500 board feet). When cut it was in thrifty growing condition 
with a long, full crown. The trunk was sound throughout except 
for a slight discoloration and softness in the sapwood near the top. 
The late Chas. H. Green, of White River Junction, Vt., gave the fol- 
lowing details of a tree cut in Pittsfield, Vt., at an elevation of about 
800 feet above the White River. The tree was cut into four 14-foot 
logs and a top log of 24 feet. The top diameter of the fifth log was 
22 inches and the top diameter of the butt log 36 inches. The total 
scale was 3,590 feet. The tree was upward of 320 years old on the 
stump and was broken off at a height of 120 feet, where it had a 
diameter of 5 inches. A companion tree of 30 inches on the stump 
made six 14-foot logs, the last of which was 12 inches at the top end. 
He stated that when the logs reached the bank it was decided to 
blast them open in order to run them in a small stream and that when 
they reached the Connecticut River the rivermen used them as 
boats while poling logs out of the eddies. 


SUSCEPTIBILITY TO INJURY. 
FIRE. 


Spruce is particularly suceptible to injury by fire on account of its 
slow growth in early life, the resinous character of its exudations, 
and its shallow root system. Ground fires are a menace to young 
spruce for a much longer period than to many of its associates. Its 
slow growth delays the formation of a protective corky layer of bark, 
and the long persistence of its lower branches lays it open to complete 
destruction by fires which its less tolerent neighbors would escape by 
having their crowns sufficiently elevated to be out of reach of serious 
damage. 

On many of the situations where spruce grows the soil is very 
shallow. It is here dependent in large measure upon the humus and 
moss cover for the protection of its superficial root system. A surface 
or ground fire in such a place would almost certainly destroy this 


protective layer, even though it was not of sufficient intensity to 


scorch the trunks of the trees. Serious damage to the roots would 
almost inevitably result, thus causing the death of the stand outright 
or creating a condition favorable to windthrow. 

On account of the tolerance and consequently the relatively heavy 
crown of spruce, a large quantity of inflammable débris is left on the 
ground after lumbering, which makes the fire menace much greater in 
spruce stands than in those of the pine and other species in the region 
of its occurrence. This menace persists for several years, probably 
not less than from 7 to 10 years, even when the tops are lopped. 
Lopped tops in contact with the ground will have commenced to 
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decay by that time. There are so many twigs or lops, however, that 
they must be piled out of the way of logging, and thus elevated from 
the ground they remain in an anflammable condition for a long time. 
Windrows of spruce lops even under fairly moist conditions will sup- 
port the weight of a man, thus showing them to be im comparatively 
sound condition, at least from 7 to 10 years after cutting. Even 
if they could be scattered over the ground, their bowed form and 
elasticity would render it difficult to secure an intimate contact with 
the ground unless they were cut up into small pieces. Their rapid 
decay is still further hindered by the resinous character of the wood. 
FROST. 

Spruce is rather generally subject to splitting, particularly in very 
cold exposed situations. This defect is caused by an unequal shrink- 
age between the heart and sapwood under the action of a sudden drop 
in temperature below freezing. It may also be accentuated to some 
extent by the swaying of the tree in the wind when in a frozen con- 
dition. Spruce having this defect is known among lumbermen as 
‘“seamy’’ spruce. If the grain of the wood is straight, the defect 
will not cause much loss in sawing; but if it is not straight, the tree is 
useless except for pulp. As frost crack results from climatic condi- 
tions, its prevention is not feasible. Spruce is not particularly sus- 
ceptible to the defect known as ‘‘cup or ring shake.”’ 

SUN. 


‘T'rees grown in a dense forest usually have their boles well cleared 
of branches. Therefore when a portion of the stand is removed 
injury may result from sun scald through exposure of the remaining 
trees to direct insolation. The damage is generally confined to the 
side of the tree facing the southeast, and conditions are most favor- 
able to its occurrence in the late winter and early spring. It may 
result from the cambium on that side of the tree becoming prema- 
turely active under the influence of a period of mild weather and a 
heavy freeze coming on afterwards and killing the new growth. A 
thawing of one part of the tree under the influence of direct insolation 
while the rest remains frozen might also cause it. Separation of 
‘bark and wood and the collection of moisture in the cavity almost 
inevitably follow such thawing and afford suitable opportunite for the 
entrance and development of fungous spores. Such a condition 
gives rise to a defect known as ‘‘spruce canker.”’ 

INUNDATION AND ICE GIRDLING. 


Although spruce will grow and thrive in moist situations, it 1s 
permanently injured if not killed outright by inundation, depending 
upon the duration of the flooding. Spruce is also killed by girdling ' 
when the inundation is accompanied by the formation of ice about the 
tree trunks. 


1 See p. 57. Bulletin 26. U. S. Department of Agriculture, Division of Forestry, Oct. 1899. 
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Fia. 2.—STAND KILLED By FIRE WHICH DESTROYED THE THIN SOIL Cover OF Moss, 
EXPOSING THE ROOTS WHICH REST ON THE UNDERLYING ROCK STRATA. 


DAMAGE TO SPRUCE. 
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ANIMALS. 

Young spruce may be severely damaged by the tearing off of its 
bark by deer when rubbing their antlers to remove the “velvet.” 
Balsam, however, is much more liable to injury of this sort than is 
spruce, presumably because of its smoother bark and the healing 
effect, of its resin. Hedgehogs also damage spruce to some extent 
by gnawing the bark. Squirrels and mice eat enormous quantities 
of seed, and undoubtedly do further damage by burrowing about 
the roots, thus exposing them to danger of fungous infection. The 
rodents may even be the means themselves of inoculation. Squir- 
rels, particularly, feed on the fruiting bodies of different fungi, 
which can often be found on dead limbs:along the trunk of spruce 
where they have been carried and partly eaten. 

GRAZING. 

Spruce is susceptible to very little injury by the browsing either 
of deer or domestic animals. When very young the seedlings are 
liable to serious injury by being trampled by the grazing stock. 
If it were not for this, the presence of stock in young spruce stands 
would be of advantage in keeping the grass cropped down and the 
young hardwoods and balsam browsed. 

There is at the present time a tendency in parts of the spruce 
regions of New Hampshire and Vermont to allow pasture land to 
grow up to spruce, at the same time allowing steck to graze as long 
as they can find sufficient pasturage. Such an attempted dual use 
of the land is of advantage to neither the cattle grazed nor to the 
forests to be grown. The resulting stand of spruce is very ragged and 
uneven-aged, being composed of large, spreading-crowned, scrubby 
trees interspersed by occasional thickets of younger growth. These 
latter come up in the openings which are from time to time cut off 
from grazing by the interlacing of the low crowns of the larger trees, 
which hinders the passage of the stock. On account of the gradual 
encroachment on the intervening areas of the crowns of the larger 
trees, many of these younger saplings are eventually suppressed. 

The yield from such a stand is very much less than the land is 
capable of producing; the quality of the material in inferior, and 
much of it is useless even for pulp. Much time also is wasted in 
cutting the big-limbed, scrawny trees, which materially reduce the 
output per day, increase the cost, and yield heavy sticks difficult to 
handle. ‘Thus the normal value of the land is reduced not only as a 
pasturage investment but as an investment for pulpwood production. 

WIND AND SNOW. 

The susceptibility of spruce to damage by windthrow is very 
great on certain situations on account of the shallow nature of its 
root system. The foliage and young shoots may be considerably 
damaged by hail and are thus rendered more vulnerable to insect 
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and fungous attacks. Wet snow and sleet are also responsible for 
considerable damage to young spruce. The weight of snow will 
often bend the young trees over beyond the point where they can 
recover their erect position. 


FUNGOUS GROWTH.! 


Spruce 1s susceptible to injury by fungous growths of many sorts, 
which gain entrance into the wood through wounds resulting from a 
variety of causes. Some of the fungi can not thrive on a thrifty 
growing tree, but are secondary causes of death. Others, however, 
are unselective as to the thrift of their host. 

Three root parasites’ which attack the spruce are Polyporus 
schweinitzu, Poria (Polyporus) subacida, and Homes (Polyporus) 
annosus. Polyporus schweinitzi, the worst of these, is very preva- 
lent throughout the northern spruce and fir forests, where it attacks 
old and young trees alike, as does also Poria subacida. To what 
extent Poria subacida is the cause of the death of the tree, however, 
is not known, nor whether it attacks perfectly healthy trees; but it is 
known to be particularly destructive to dead timber. Fomes 
annosus, although very destructive in the forests of Europe, has not 
been accounted so in our eastern forests up to the present. These 
fungi usually spread through the soil and gain entrance to the tree 
through the roots, which makes them difficult to detect and still more 
dificult to combat. While it will not do to hunt out diseased trees 
as is done in Europe, it may prove of advantage whenever an infected 
group of trees is found in lumbering to cut all nearby trees. Decay 
will not, in many cases, have extended so far up the trunk as to 
prevent one or two merchantable logs being obtained. 

Three wound parasites? which do a great deal of damage to spruce 
are Trametes pini abietis, Homes (Polyporus) pinicola, and Polyporus 
sulphureus. They gain entrance to the tree above ground through 
wounds on the trunk and branches, and spread up and down the 
trunk from the point of infection to the topmost branches and to the 
roots. Trametes pint abietis very commonly attacks both the 
heartwood and sapwood of spruce and literally riddles them with 
small holes. Fomes pinicola, while it attacks living trees, is generally 
found on those individuals which have a weakened vitality, and is 
one of the first to settle on such trees as have met death through 
other causes. Polyporus sulphureus is found on spruce, but is more 
prevalent on hardwoods. There are undoubiedly many others of 


1 Those desiring detailed information concerning fungous diseases and how to combat them should com- 
municate with the Division of Forest Pathology, Bureau of Plant Industry, Washington, D. C. 

2Von Schrenck, Herman: ‘‘Some Diseases of New England Conifers,’”’ U. S. Department of Agriculture, 
Div. of Veg. Phys. and Path., Bulletin 25, 1900. 
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this type of fungous growth which prey upon the spruce, but those 
enumerated are the most common and most destructive. 

It is obviously impossible to introduce intensive protective measures 
in our wild and uncultivated forests. However, it is possible, and 
in the long run it will be profitable, to adopt such measures as will 
certainly aid in prolonging their health and usefulness. In the 
process of lumbering, particularly where the selection system is 
being employed, a careful scrutiny should be made of all trees which 
are to be left. Merchantable trees in a defective condition, whatever 
their size, should be removed in order to get the present value of 
their sound portions and at the same time prevent so far as possible 
their becoming a menace to the healthy trees remaining. This 
would include the cutting of standing dead and down timber when 
marketable. In similar manner, areas upon which the timber has 
been killed by fire, windfall, or serious insect attacks, should be 
lumbered immediately upon the discovery of the damage. If such 
timber is cut immediately, its value will be only slightly, if at all 
impaired, and it will yield as good lumber as before its death. This 
logging will, in certain instances, entail a somewhat greater expense. 
The disposal of slash by burning after lumbering, using suitable 
safeguards, is another precaution which will be found desirable. If 
slash is allowed to remain on the ground, it constitutes a center of 
infection for fungous diseases and insect pests, thus jeopardizing the 
health of the remaining timber. 


INSECTS.! 


Spruce has many insect enemies which prey upon its bark, wood, 
twigs, and foliage. Those known as bark and wood miners cause 
the greatest damage. They attack the old and valuable timber and 
are either primary or secondary causes of its death. Young trees 
are subject to injury by the white-pine weevil (Pissodes strobi Peck) 
and the spruce gall louse (Chermes sp.). The latter affects the young 
twigs and the former the terminal shoots. As a result of their work 
the trees become deformed or stunted in growth. 

Among the bark miners the southern pine beetle (Dendroctonus 
frontalis Zimm.) and the eastern spruce beetle (Dendroctonus pice- 
aperda Hopk.) are considered the most serious pests. To the former 
has been attributed the destruction of a vast amount of spruce timber 
in West Virginia and the adjacent region, while the eastern spruce 
beetle is accounted responsible for the ravages of past years in 
Maine and New Hampshire. The attacks of the southern pine 
beetle are disastrous to both pie and spruce in areas south of Penn- 


1Those desiring detailed information concerning forest insect pests and methods of combating them 
should communicate with the Division of Forest Insect Investigations, Bureau of Entomology, Wash- 
ington, D.C. 
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sylvania; but thus far the eastern spruce beetle is credited with 
confining its baleful activity to the spruce alone and to areas north 
of West Virginia. Both of these insects attack perfectly sound, 
thrifty timber of the best quality—that is, trees from 10 to 12 inches 
in diameter and larger. Although they manifest a preference for 
standing trees, they will breed in windfallen trees and, more rarely, 
in stumps and logs. . 

Certain insects which infest the spruce are able to do their work only 
when the vitality of the tree has been reduced either by a former 
insect attack or through disease. The wood miners work within the 
woody parts of the tree rather than in the cambium, and continue 
their work after its death, as well as in the log after it is cut. They 
are usually of no detriment to the health of the living tree, but their 
excavations into both the heartwood and sapwood cause wormhole 
defects and afford favorable means for the entrance of fungi. 

While the insect enemies of spruce have many natural enemies, 
such as the birds, parasitic insects, and fungi, and predacious insects 
which feed on and destroy their young, their ravages are not always 
held in check by such means. According to Dr. A. D. Hopkins,} 
forest entomologist of the U. S. Bureau of Entomology, the general 
methods to be adopted are as follows: 

For the southern pine beetle: (1) remove and burn the infested 
bark from the trunks of the trees while still standing; (2) place the 
infested portions of the trunks in water; or convert the infested trees 
into cordwood, lumber, or other products and burn the slabs or bark 
before the beetles leave the bark. 

For the eastern spruce beetle: (1) Regulate the wiater cutting so 
as to include as many of the infested, dying, and dead trees as pos- 
sible, and place the logs from them in water before the first of June; 
(2) regulate the summer cutting so that as many recently attacked trees 
as possible may be cut and the bark removed from the trunks and 
stumps; (3) girdle, early in June, a large number of trees, in the 
vicinity of infested localities where logging operations are to be 
carried on the following summer and winter, the girdled trees to be 
felled and the logs containing the broods of the insect attracted to 
them either peeled or placed in water before the first of the succeeding 
June. The trees selected to be girdled should be sound and healthy 
and not less than 15 inches in diameter, and the girdling should be 
done by hacking the tree with an ax through the bark into the sap- 
wood and around the trunk 2 or 3 feet above the base. 

A large percentage of dead spruce remains sound for a considerable 
period after bemg killed by these insects, and should be salvaged when 


1U.S. Department of Agriculture, Div. Ent. Bulletin 28; also U. S. Department of Agriculture Farmers’ 
Bulletin 476. 
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possipie. Since the mature living timber is the most subject to attack, 
the cutting over of the remaining virgin tracts, using an approximate 
diameter limit of 14 inches at breast height, will greatly reduce the 
danger of subsequent serious damage arising from this source. 


GROWTH. 


Spruce varies more or less widely in growth, orm, and developmen t 
with the character of the stand, the density of the stocking, and the 
exposure and quality of the soil. Virgin or old-growth stands present 
a distinetiy different set of conditions from the second-growth stands. 

The virgin stands are, without exception, of the natural selection 
form, in which each tree or small group of trees develops individually ; 
all ages and sizes are represented, from seedlings to overmature 
veterans, but the older age classes generally predomimate. The 
second-erowth stands, on the other hand, are in a large measure of 
even-aged form, either in groups or over whole areas; the trees all 
start at approximately the same time and develop as a unit rather 
than as distinet individuais. The conditions surrounding these two 
modes of development give rise to differences not only in the rate 
of growth in volume, height, and diameter, but in the form of bole 


of the individual tree. 
HEIGHT GROWTH. 


In the virgin forest or in one managed under the selection system, the 
height growth of spruce bears no definite relation to itsage. It is the 
soil quality, or site quality, whose influence is particularly manifested 
in height growth. Mature spruce m the virgin-forest types in which 
it characteristically occurs shows the same relative height develop- 
ment in Maine and the Adirondacks for the corresponding soil types. 
The “spruce swamp” shows the least development in height, aver- 
aging for the tallest trees about 60 feet in Maine and 72 in the 
Adirondacks, foliowed by the “spruce flats” and “spruce slopes,’’ on 
which the heights are nearly the same, namely, 70 teet in Maine and 
75 feet in the Adirondacks. Spruce reaches its best development on 
the “spruce and hardwood lands,” with heights of 75 feet for Maine 
and 80 feet for the Adirondacks. The differences in average height 
for srmilar types in Maine and the Adirondacks are in large measure 
accounted for by the fact that the averages for the Adirondacks 
include a large percentage of virgin growth, while those tor Maine are 
based almost entirely on figures from cull forests, which are lacking 
in the larger sizes. The inferior height growth in the “spruce swamp” 
and ‘‘spruce slope” situations is attributed to the fact that not only 
the growth in these situations is slower, but also that the timber in 
many cases is second growth. Stands in these situations are par- 
ticularly likely to be overturned by the wind on attaining a certain 
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height. The succeeding second growth may pass through the same 
stages, so that these stands may be relatively young. 

Table 4 gives height growth of selection stands in Maine, New 
Hampshire, the Adirondacks, and West Virginia, It will be noted 
that the heights in New Hampshire are below those in Maine and 
New York, particularly ia the larger diameters. This is undoubtedly 
due to the fact that the New Hampshire data were collected toward 
the southern edge of the White Mountain spruce forests, where the pre- 
vailmg conditions are less favorable to spruce than those farther 
north. The values given for New York, on the other hand, are 
doubtless somewhat high because of the exclusive use of dominant 
trees as a basis for the height curve. The average height develop- 
ment is slightly better in New Hampshire than in Maine and is 
somewhat better in Maine than in New York for the same type or site. 


TABLE 4.—Height growth of spruce (based on diameter). 


[CURVED.] 
{ a ee so 7. i hae ie a ; 7 are ek Mimtties? <-> = | 
i Maine.! | New Hampshire.? New York. West Virginia.4 
Diameter 
breast = =a Fm ae j 
high. Height. | Basis. | Height. | Basis. | Height. | Basis. | Height. | Basis. 
} 
| 
Inches. Feet. Trees. Feet. Trees. Feet. Trees. Feet. Trees. 
Peer DS eee eae | Dibied (left e teres RL Ss soe tee 2 10), || eee 
7 ee ee ES Uilze so cccees. Le tl eee ected Diy Es racers 16° || see Sees 
Destrstiie 7}, eal Vip ee ee 78 ae eee a 2d) pls ceaavae 22 ..|'sSesceeeee 
ae es 29 et 207U ee seneces 74) hepa Penne eee 23° laces 
Herein ere 34 3 et te ree 34 1 34 1 
Gacttee 38 6 | 38 21 39 | 6 4) 3 
eee 42 8 | 43 36 43 8 46 1 
Betteacies 46 13 46 76 47 24 51 5 
Eee 50 17 50 75 50 19 56 12 
LORS css 53 31 53 87 53 0D 61 26 
1 eee 56 21 56 76 56 37 65 34 
We cterelee 59 28 53 87 53 29 71 42 
; Es ae es 62 19 61 54 60 18 75 36 
14e Sees 65 24 63 68 62 eo 79 46 
ts eee ee 67 iis 65 -] 33 64 15 82 22 
16: see 70 13 67 36 66 5 86 39 
Wie talon 72 13 63 24 68 4 89 20 
ISS coe 74 19 69 21 70 2 92 29 
1 eee 76 5 71 13 ral 1 95 16 
bra 73 | 7 ie 9 ToiMie ee esos 97 27 
De es 79 5 72 3 74 100 18 
Beek hbses 81 4 ion 3 76 1 102 21 
7 ee 83 4 £5) ty pena ee Nese cays gi siess 104 13 
DASE ok | 84 | 1 74° ‘| os ese ft lins Soi Se RRS See es 105 8 
ee ee oe 86 i Ri Woe cerca eM ae See eee reece | 107 9 
26S seek Sims |asaceee ee 75 OL [edbed os kos See nee 109 7 
Dh caee noes apa ake eoerayStw oes PE ES Sop tal c= Spears ae lw ae tee ate ae | ee ee ae eee 110 6 
28 5252 52h bch teace Ss] abidate ce oe [ects eee | eo oy ae | ee eee ne hye eae 11 9 
29), soe tal iceae ane omee 5528 OMe ese ees oe eee Lem ee A eer eee 112 6 
BONS 2,2 cs ote | Bow mec wi Pll are coors aves | SONS Sem See ce re mete reyehe | le ee Pr ee | nn 113 2 
Oe occ wal|e cece ceases |S cote | ae ese erecta ee | ees eee |e 114 2 
ODE 2 AS Sarall tees epetens css all Sects epee cro ee ee | le eee eee | Steck | Ro LES) see eee 
Bois niaisiaid.wllls eae creel repeals | eas a sree (eae eee MA ey Sn ey ene 116 1 
Co: See nee Perel | ee mee © afd SR eee eee Wen, Ie ay Cee ee ale Seer 117 1 
ajchayee-a,d atom 2600 |e fecee tone OW | es ee 5 BAO ee Nees 462 


1 Spruce slope type. Data collected by R. S. Hosmer. 
2 Spruce slope type. Data collected by T. S. Woolsey, jr. 
3 eae pardwigcd type (dominant trees only). From dava collected by the Conservation Commission 
of New York. 
4 Spruce siope type. Data collected by John Foley. 


In the even-aged, second-growth forests, the individual tree is not 
subjected to long or varied periods of suppression. All of the trees 
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which gain positions in the main crown cover start at about the 
same time and develop with very little interruption. Their height 
and age may consequently be easily correlated. The following table 
shows the average height of the dominant and intermediate trees 
comprising even-aged second-growth spruce stands of different ages 
and on sites of different quality, measured in Maine, New Hampshire, 
and Vermont in the fall of 1910. 


TaBLe 5.—Height growth of spruce in even-aged, old pasture stands in Maine, New 
Hampshire, and Vermont according to age and site qualities. 


[Average height of all dominant (including codominant) and intermediate trees in stands of different ages.| 


[CURVED.] 
Site qualities. 
Age. = aie ae —————— Basis. 
a II. Ill 
Sample 
Feet. Feet. Feet. plots. 

24 19 1 On Re eee 
31 25 20 1 
36 31 DOR Seiten ee 
42 36 30 1 
46 40 ye ene ame 
51 44 37 1 
55 47 40 6 
58 50 42 6 
61 53 45 8 
64 55 47 16 
66 57 49 14 
68 59 50 4 
70 61 52 1 
72 63 Sota seis che ate 
73 64 ath) 5 bonBoseeee 
74 65 56 1 
7 66 cy (al Reapers 


| | 59 
From sample plot data collected in 1910. 


For purposes of comparison the growth in height of Norway spruce 
is given in Table 6. 


TABLE 6.—Height growth of Norway spruce.' 


| Average 

Age. height of 
stand. 
Years. Feet. 

5 8 

10 16 

15 24 

20 32 

25 39 

30 45 

35 50 

40 54 

45 58 

50 61 

55 64 

60 66 


1 Based on all measurements of all trees in 11 plantations (8 Quality IT and 3 Quality II) 24-55 years old 
(curs ed), made by Messrs, Tillotson, Barrows, and Williamson, of the Forest Service, in 1911, in Rhode 
Tsland, Connecticut, Illinois, and Iowa. 
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There is little doubt that Norway spruce makes a better height 
growth in early life than our native spruce. It is well to remember, 
however, in making comparisons in this particular instance, that the 
two grow under entirely different sets of conditions. While the 
native spruce has developed from seed under the keenest possible 
competitive conditions, the Norway stock was in all likelihood nur- 
sery grown, so spaced when planted as to eliminate undesirable com- 
petition during early life, and possibly even cultivated. Then, too, 
such plantations in general have been made on a rather better soil 
even than that on which the average first quality red spruce stands 
are found. : 

A comparison of the height growth of spruce seedlings in the forest 
and in the open is shown in Table 7. 


TABLE 7.—Height growth of spruce seedlings. 


Height. 
Age. 
In the In the 
forest.1 open.? 
Years. Feet. Feet. 
5 0.3 0.8 
10 0.7 2.4 
15 te | 6.0 
20 1.5 10.0 
25 2.0 16.0 
30 2.6 28.0 | 
35 3.3 35.0 
40 Bede WS oes ssc are 
45 SO Mere eee ae | 
j 


1 Based on 615 trees. Data collected by R. S. Hosmer, 1901, on the New York State Forest Reserve. 
2 From p. 50, “Forest Conditions of Northern New Hampshire,” Bulletin 55, Bureau of Forestry, 
U.S. Dept. of Agriculture, 
The column of height in the open is entirely conservative, as will be 
noted by comparing it with Table 5. 


DIAMETER GROWTH. 


The growth in diameter of spruce in virgin and other selection-form 
forests is, like the height, largely independent of age. The relation 
between diameter and age, however, can more readily be established 
than that between height and age, since merely from a stump analysis 
results closely approximating the truth can be obtained. 


La 
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TABLE 8.—Diameter and age of spruce in Maine.* 
[(a) Averaged according to age.] 


Average 


Per cent Mens Average 
Class Number | ‘of total | “Vege | butt di- snes top di- 
: of trees. | number. * | ameter. Btn. | ameter. 
Inches. Feet. Inches. 
page ey DANA CG er ee ae ee 52 4.9 114.5 15 26. 4 8.0 
a eee Oya weal) (ise 7 | 8121) 38.5 8.5 
TED SDA CES eee aan en 210 20.0 162. 6 12.9 29.9 8.6 
LEAS GENS Gado sero does Da Soe e eee ree 218 20.8 182. 6 13.5 30.3 8.9 
JUDIE WiCETRE AR SSS ae ee ee eee a 210 20.0 210.8 15.0 31.3 9.9 
LTS) AERIS SOC a a ae ae 125 11.9 235. 5 15.9 32. 2 10.0 
250-275 years....... Br saceenciciae attests 72 6.9 260. 3 16.0 32.9 10.3 
Bis HU VOALS ease aseee cee cans cacdecce cece 29 2.8 285. 6 (Gu) 34.4 11.5 
OIGIER LUDA. oe reo Se Se ep ee en 14 1.3 311. 6 18.5 Sil 12.0 
Myers of all. 2.5 .2cr- sabe... GRO ee | 192. 0 | 14.1 | 30.6 9.2 


[(o) Averaged according to butt diameter.] 
a eee 


Per cent 
Number Averaze 
Class. 5 of total ree) 
of trees. number. age. 
Under 10 inches............. Sea tear creel Sarnia acs APNE wie ee 42 4.0 162.0 
BIBI CHOS eran tery te em ae oon Se oe een a re eure oa bet Le eee 97 9. 2 170.1 
ele OS est reat ao on ee ae nes SINT Te cat ak win eke eed onkice owen 123 a Ay) 171.7 
ideals: THOUS 3 CEG se eee ee ag lee Danni nee ae oe nN 158 Loot 174.0 
Pete ERULEGUC Gi eyee tae mn ae feta a cogs ia. SNe Acne Staats asses aioe etme Me ce 162 15.3 3189.1 
ESET CHO S eeepc eee ee te me eS pre carn) Sees Ree ats a Gale 117 1152 3185.4 
Pr tesLOBLEICHOS ee meme anan op ees ae tne ys SCR Cerra app epee ee! UE 3 oa 94 9.0 197.7 
HE SINMANGHOS vs cecmee cea ee ce teens eco ee nce EEO He Be acne 76 13 2i4.0 
1. (STS COS SE i She a is Hea peed se na a a 62 5.9 217.1 
PST OMMCHES Hse en ee Gee a at mee eee he mig Deis tare eet e See eas 43 4.1 228.7 
IMIS DITA ROSBE SS SS ey ok 62 Re ee ge iv ety Pee ee 19 1.8 230.1 
CNEL? BU) FAYE) ERE ies et ee a ee ee ener 57 5.4 244.8 
BF O50; | es ee sa apes 


bY) ‘ 

1 From a special report ‘‘On the Growth of Spruce, by Austin Cary, in the Second Annual Report of the 
Forest Commissioner of the State of Maine, 1894. explanation of the foregoing table Mr. Cary says: 
“Tn all, 1,050 spruce logs were examined for this PUEDE: taken on drives and mill yards. The length and 
end diameters of each log were measured, and the rings of the butt counted to ascertain the age. About 
two-thirds of the logs were grown in the western part of the State on the drainage of the Androscoggin. ‘The 
remainder were partly from the Kennebec, partly from the Aroostock branches of the Penobscot. A small 
proportion of the logs measured were cut for pulp, which renders the selection all the more representative. 
The tables which embody the results of the work need, it would seem, very little explanation. The trees 
were first divided into age classes, and the dimensions of the logs in each class averaged. Then the same 
logs were divided according to butt diameters and the average age ascertained for trees of each size, The 
most usable result of the work is the grand average of these facts for the whole 1,050 logs. The average 
dimensions of the logs represent a tree containing about 23 cubic feet, or say 120 board feet, and this was 
grown on the average in 192 years. Adding to the log 2 cubic feet for stump and 7 more for the top, adding 
also to the age 20 more years for the height growth of the stump, then dividing contents by age gives the 
figures fifteen-hundredths cubic feet. Thatis to say, aspruce tree on the average and throughout its life 
until cut, maintains a growth of 1 cubic foot in six and two-thirds years. In adult life the growth per tree 
would be considerably greater. In youn seedlings it would for many years be less. The percentage of 
growth to stand can not be immediately derived from these figures.” 

{In connection with the information just ated it seems evident that the words “log” and “tree” are 
used synonymously in referring to the “use length.”—Author.} 

2 A log of these average dimensions contains 23 cubic feet, or about 120 board feet. 

3 A 133-inch tree, of course, is not as a rule older than a 14}-inch tree. The irregularity shown in the series 
would doubtless be corrected if the larger number of trees was taken, 

Average of 50 pine logs: Age, 102.8; butt diameter, 16.1; length, 30.3; top diameter, 11. A log of these 


dimensions contains 30 cubic feet, or about 175 board feet. 


It is in most cases of little practical value to the lumberman to 
know the direct relation between the actual age and the diameter of 
trees in a selection forest. A knowledge of the length of time required 
for a tree to grow from 1 inch diameter class to the next is, however, 
important. Tables 9, 10, and 11 show this as well as the corre- 
sponding rate of growth per annum of each diameter class. 


1 Besides showing these values based on an average oi all trees measured, the West Virginia and Adiron- 
dack tables show absolute maximum and average maximum values as well. These are obtained b y using 
only values representing maximum and average minimum growth conditions, eliminating all periods which 
show the effect of suppression. 
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TABLE 9.—Deameter growth of spruce in Maine, by types.' 


Diameter breast 
high. 


[Based on the last 20 years.] 


Lower spruce 
and hardwood 
land, 564 trees. 


Upper spruce 
and hardwood 
land, 379 trees. 


Lower spruce 
slope, 144 trees. 


[CURVED.] 


Upper spruce 
slope, 87 trees. 


Average of all 
types, 1,174 
trees. 


Peri- | Time | peri. Hime Peri- eine Peri- ee Peri- Thue 
odie | quired |_ die | quirea | O4¢ | quirea} OC | guirea | Odie | Guired 
annual ss i cw | ainual nh ee ow! annual ne erow| 22nual ee grow [annual re Bro 
growth 1 inch. |8t0W th. tanche growth. lanch. growth. Linch, |8"°W th ‘anch 
Inches. | Years. |Inches. | Years.| Inches.| Years.| Inches.| Years.| Inches.| Years. 
0. 036 28} 0.054 19 0.015 67 0. 026 38 0. 034 29 
. 048 PA . 063 16 - 022 45 . 030 33 - 045 22 
. 063 16 O71 14 032 31 . 0384 29 - 056 18 
080 13 078 13 046 22 - 038 26 .0€8 15 
098 10 - 085 12 067 15 041 24 081 12 
114 9 - 091 il - 093 il . 044 23 - 093 i 
126 8 - 096 10 1138 9 - 047 21 . 105 10 
- 136 7 Oz 10 . 124 8 - 049 20 115 9 
. 142 rc . 109 9 127 8 3052 19 - 122 8 
. 146 ia ebb: 9 - 126 8 .055 18 . 126 8 
- 148 7 Lk, 9 122 8 - 058 17 129 8 
. 150 vi - 109 9 116 9 - 060 i7 . 130 8 
- 148 id: . 106 9 . 110 9 - 062 16 . 129 8 
146 vf - 106 9 103 10 - 062 16 aL26 8 
- 142 7 . 106 9 096 10 - 0€2 16 = 122 8 
138 7 . 106 9 091 11 000 17 .116 9 
4141 7 . 104 10 112 9 . 052 19 . 119 8 


1 From data secured by R. S. Hosmer, 1902, on partially culled land in Squaw Mountain Township, 
Me., and including trees of all crown classes. 


TABLE 10.—Diameter grotwth of spruce in New York.! 


[All types, spruce-hardwood type chiefly; dominant trees only.) [CURVED.] 


Diameter 
breast 
high, 


21 


Absolute maxi- 


Average maximum. 


mum. 
+a Time sas Time 
penoare peauiree Period required 
o grow o grow 
growth linch. growth. linch, 
Inches Years Inches. Years. 
0.176 vers 0.111 9.0 
. 218 4.6 - 140 enh 
- 253 4.0 . 164 6.2 
- 282 3nd 186 5.4 
- 309 3.2 - 205 4.9 
324 Oo Ral, 4.6 
331 3.0 220 4.5 
-328 3.0 - 223 4.5 
sold 3.2 . 219 4.6 
. 297 3.4 . 210 4.8 
- 270 BE -197 bak 
. 245 4.1 . 184 5.4 
- 216 4.6 - 168 6.0 
. 187 5.3 - 150 6.7 
. 156 6.4 - 128 7.8 
woe 7.6 - 110 9.1 
110 9.1 - 093 10.8 


i ed ees 


Average. 

fein Time 
aad required 
gr wih to grow 
* | Linch. 

Inches Years 

0. 046 Pal 

O61 16.4 

075 133 

- 089 11.2 

. 101 9.9 

110 9.1 

~AL5S 8.7 

118 8.5 

e128 8.3 

124 8.1 

. 124 8.1 

2123) 8.1 

-119 8.4 

112 8.9 

-101 9.9 

- 089 11.2 

- 076 1322 

- 064 15.6 

051 19.6 


Basis. 


1 From data collected by the Conservation Commission of New York in 1912 on culled land in Ussex and 


Herkimer Counties. 


_ ? The time required to grow to a diameter of 1 inch at breasthcight was 11 years for ‘“ absolute max- 
imum” growth conditions, 17 years for ‘‘average maximum,” and 36 years for ‘‘average.’’ 
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TABLE 11.—Diameter growth of spruce (virg*n) in West Virginia. 


{Spruce slope type.] [CURVED. ] 
Absolute maximum.) Average maximum. Average. 

Bene Th Ti Ti Basi 
reas pee ime ee ime Santa as ime asis. 
high. Periodic required F es iodic required Periodic required 

© annual to grow annual to grow annual to grow 
growth. | yineh. | 8t°Wth. | yinch, | 8Towth. | y inch, 
}_ = = 
| 

Inches. | Inches. Years. | Inches. Years. | Inches. Years. Trees. | 
0. 202 5.0 0. 126 7.9 0.051 LONG ale er eyee 
. 220 4.5 .138 7.2 . 056 Min OM enna ees 
7200 4.3 -148 6.8 | - 060 Oe econ segee 
. 2350 4.0 an y/ 6.4 - 064 VSaOR Mery meee a 

. 262 3.8 . 166 6.0 | .059 14.5 1 

. 274 3.6 .174 5.7 - 074 13.5 3 
. 284 3.5 .182 5.5 - 079 12.7 ea} 

-291 3.4 .188 5.3 - O84 11.9 5 

. 296 3.4 -193 5.2 - 0909 ikea 12 

. 300 ogo. -198 pal - 095 10.4 24 

- 300 Bie) . 201 5.0 -102 9.8 27 

- 300 3.3 . 203 4.9 .106 9.4 37 

- 298 3.4 . 204 4.9 | - 109 9.2 28 

. 294 3.4 . 202 5.0 | - 110 fal 42 

299 3.4 200 BO Vet 9.0 19 
- 282 3n0) - 196 5.1 - 110 9.1 33 | 
ato) 3.6 .192 5.2 - 108 9.3 Toa 

- 265 3.8 . 186 5.4 | - 106 9.4 17 

254 3.9 -178 5.6 - 103 9.7 8 

- 243 4.1 »L72 5.8 | - 100 10.0 20 

| 290 


1 ¥rom data collected by John Foley in 1903 in Greenbrier County and including trees in all crown classes. 
2 The time required to grow to a diameter of 1 inch at breastheight was 7 years for “absolute maxi- 
mum” growth conditions, 11 years for ‘‘average maximum,”’ and 26 years for “‘average.”’ 


Diameters in even-aged stands vary directly with the age of the 
stand, so that the relationship of one of the other is of considerable 
importance. This relationship is brought out in Table 12, which is 
based on the average diameter growth of the dominant (including 
codominant) and intermediate trees. 

TaBLEe 12.—Diameter growth of red spruce in even-aged, old pasture stands in Maine, 
New Hampshire, and Vermont, according to age and site qualities. 


[Average diameter breast high! of all dominant (including codominant) and intermediate trees in stands 
of different ages.] 


Site qualities. 


BEE eee) EE 
it Il. | TI. 
Sample 
“ears. Inches. Inches. Inches. plots. 
Pa arse eee 3.8 3.1 Oe es oes 
yee ae 4.9 4.0 3.2 1 
SOE Se So 5.9 4.9 CPN ee een 
SDS as 6.8 5.7 4.6 1 
AQ Ae Pee (66) 6.3 Os2) eee ees 
LL ee ee 8.1 6.9 Sy 1 
ees been 8.6 7.4 6.1 6 
OOsciciseiets 9.0 Ler 6.4 6 
GOsSS 9.3 8.0 6.7 8 
Grom 9.5 | sto 7.0 16 
Oboe eee 9.7 | 8.5 dew 14 
Ds ee 9.9 | 8.7 7.4 4 
SO er ricns 5 1050 | 8.9 7.6 1 
Sama: 10.2 | 9.0 nhl ieee pee 
See ee 10.4 | 9.2 AU eee > eee 
QO bees as 10.6 | 9.4 8.2 1 
LOORSES! & 10.8) 9.5 Si Au eee oe 
59 


1 From sample plot data collected in 1910. 
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For purposes of comparison Table 13, giving diameter growth of 
. Norway spruce (Picea excelsa) is included. 


TABLE 13.—Diameter growth of Norway spruce. 


[CURVED. } 


as Weraee 

diameter 
Age. breast high 

of stand. 

Years. Inches. 

5 1.0 

10 2.8 

15 4.4 

20 Dat 

25 6.8 

30 hed, 

35 8.4 

40 9.0 

45 9.6 

50 10. 2 

55 10.8 

60 | 11.4 


1 Based on the measurement of all trees in 11 plantations (8 Qualities Tand 3 Quality II) 24-55 years 
old, made by Messrs. Tillotson, Barrows, and Williamson in 1911, in Rhode Island, Connecticut, Hlinois, 
and Iowa. 

Even more than with height comparisons it is necessary to bear 
in mind the influence of soil, spacing, and cultural methods on the 
diameter growth of volunteer stands and plantations when drawing 
conclusions from the foregoing figures as to the relative growing 
qualities of red and Norway spruce. 


SECTIONAL AREA GROWTH. 


The growth in sectional area, or the increase in the superficial 
area of a given cross section, is effective as a means of comparison 
for even-aged stands of different ages or of the same age but of 
different site qualities. Either the total basal area of the stand at 
a definite height from the ground, usually at breastheight, or the 
basal area of the average tree, may be employed. Table 14, covering 
second-growth, even-aged spruce stands of the old pasture type 
shows the relative average total basal area of stands of different 
ages and site quality based (1) on all green trees; (2) on green trees 
6 inches and over; (3) on all dominant trees; and (4) on all domi- 
nant and intermediate trees. 
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Tasie 14.—Breast-high sectional area growth of red spruce in even-aged, old pasture stands 
in Maine, New Hampshire, and Vermont, according to age and site qualities. 


QUALITY I. 
(CURVED. ] 
All green trees. repay tnees 6 inohes Domitian baed Ier Dominant trees only. 
Wee Aver- Aver- Aver- Aver- 
7 age age age age 
ee Basal | diam- ace Basal | diam- ae Basal | diam- oe Basal | diam- 
acre, | 2rea- eter acre, | 27¢2 eter | sore, | area. eter acre, | tea. eter 
breast | breast breast . breast 
| high. high. high. high. 
Years No. | Sq.ft. |Inches.| No. | Sq.ft. |Inches.| No. | Sq.ft. |Inches.| No. | Sq.ft. |Inches. 
20 Soa 1, 580 5 De Obs | aeeecal| see eceilisteisie sarc 1, 294 102 3.8 489 54 4.5 
een ina; t63| 53] isr| a7] o7| ser] to| 50/47! 303] oe 
wenn nee wees ) ve oF . Soi 9 0. ea) ) 6 
Ree cc tas cee ons 980 193 6.9 267 77 7.3 756 190 6.8}. 432 129 7.4 
BOM os = oe Se 882] 216) 6.7] 345 114 7.8| 668; 205) 7.5[ 420] 150 8.1 
abe esos cece 808 237 7.3 419 157 8.3 603 216 8.1 410 | 167 8.7 
2 Be ee cee rd 256 cf : 42 aee é: g aS ae 8.6 492 183 9.1 
BRIS ins tots 2 aoe en 707 i Be 2 9: 527 23 9.0 395 195 a) 
BURA Seis Sc cicrae:si0 668 286 8.8 487 241 OFS 506 238 9.3 358 206 9.9 
Ti CaaS ee ees 640 298 9.2 450 256 9.8 490 242 9.5 383 215 10.2 
BO ees tin = 620 308; 9.5 491 268} 10.0 478 247 9.7 378 223 10. 4 
cas escre esac. 603 317 9.8 490 278 | 10.2 467 250 9.9| 373 230 10.7 
V8 3 eee 590 $25.| 10.1 489 287 10.4 457 253 10.1 | 368 236 10.8 
ae eee 579 332] 10.3 487 294 10.5 447 256 10. 2 363 240 11.0 
ei Sec S ae aes 588 338 | 10.5 485 301 LOE, 437 259 | 10.4 | 359 245 11.2 
15 Se eee 558 344 10.7 483 308 | 10.8 427 262 | 10.6 355 249 11.3 
LU SRS ee ere 549 349 | 10.8 481 313 10.9 417 264 10.8 351 252 11.5 
QUALITY II. 
| | | 
98 DAOW Rew eats SSeS 2 jee eee 1, 603 84 3.1 566 40 3.6 
120 SAS | Eeterars S| sweets = were 1,31 115 4.0 530 60 4.5 
142 US OA Hay. ee ontara ee ete 1,062 139 4.9 504 81 5.4 
162 5.1 260 58 6.4 890 | 157 5.7 484 101 6.2 
182 5.7 335 88 a0 774 171 6.3 | 470 119 6.8 
199 6,2 403 122 7.4 697 181 6.9 | 459 136 7.4 
215 6.7 467 155 7.8 643 189 7.4 | 451 151 7.8 
229 (eal 497 180 8.1 605; 196 50 | 443 162 8.2 
242 7.5 516 199 8. 4 575) } 1201 8.0; 4385 172 8.5 
253 7.8 530 214 8.6 5ol | 206 8.2) 427 181 8.8 
262 8.1 540 226 8.8 5382 | 210 8.5 429 188 9.1 
270 8.4 544 235 8.9 516 | 213 (Rare 413 194 9.3 
278 8.6 544 244 9.1 503 216 8.9 407 200 9.5 
284 8.8 542 251} 9.2 492 | 220 9.0 | 461 205 9.7 
290 9.0 540 257 9.3 482 223 9.2 395 209 9.8 
295 9.2 537 263 9.5 472 | 226 9.4 390 213 10.0 
300 9.3 533 268 9.6 463 | 228 9.5 385 217 10. 2 
QUALITY III. 
fA eer | 
OA 8B | ee enteral Rane [oaateras 2,134 67 2.4 678 27 2.7 
Ws) |) Sil |e Soe Bceee Ber eee 1,620 90 3.2 623 42 3.5 
115 Selig ste slate Beene 1,304 109 3.9 580 57 4.3 
131 CDE fen meal Peete: ieeosee 1,074 124 4.6 548 73 5.0 
147 4.7 311 61 6.0 924 136 5.2 526 90 5.6 
161 5.1} 386 89 6.5 827 145 5.7 51 105 6.1 
175 | 5.5 455 115 6.8 755 153 6.1 505 119 6.5 
187 | 5.9 5i5 138 7.0 703 159 6.4 496 129 6.9 
198 6. 2 549 156 7.2 664 164 6.7 488 138 7.2 
208 6.5 572 171 7.4 634 168 7.0 480 146 7.5 
216 6.7 587 183 7.6 609 172 7.2 472 153 LRU 
224 7.0 597 193 7.7 588 176 7.4 464 158 te, 
230 Be 606 201 7.8 569 180 7.6 457 164 8.1 
236 7.4 602 207 8.0 551 183 7.8 450 168 8.3 
242 7.6 596 212 8.1 533 186 8.0 443 173 8.5 
246 ee, 588 217 8.2 516 189 8.2 436 177 8.6 
251 7.8 580 222 8.3 499 192 8.4 430 181 8.8 


Based on 59 sample plots, measured in 1910. 


Total area, 13.1 acres. 
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The increase in volume of trees growing in the virgin, or selection, 
forest is seldom considered on the basis ef age for reasons already 
discussed under height and diameter growth. We are not much 
interested, for the present at least, in knowing how long it took, or 
would take again, to produce a spruce of a certain size under similar 
virgin forest conditions. Most lumbermen are desirous of knowing 
what can be expected of trees of given sizes for the immediate future. 
The conditions under which such growth is likely to take place will 
vary widely, so widely in fact that general tables of growth would 
be of little value. A local table made up to fit the special conditions 
of each case is much preferable. Such a table is readily prepared 
from volume or taper tables and the general data already presented. 

In preparing a table of this kind it is usually assumed that a tree 
now 10 inches in diameter at breastheight will, when it has grown 
to a diameter of 11 inches, have the volume of the 11-inch trees with 
which it is at present associated. Diameter growth figures thus form 
the basis of the calculations. If the future growth of a virgin stand 
is to be forecasted, the diameter growth figures employed must be 
those derived from trees growing under these average conditions, 
Usually, however, an immediate partial cutting is contemplated. 
Whether the growth figures for the “average maximum ”’ or “absolute 
maximum” should be used will depend upon the extent to which the 
cutting opens up the stand. Conditions would need to be exceedingly 
favorable to warrant using the “absolute maximum”’ figures of 
diameter growth. It might even happen that the ‘average max- 
imum’’ would show too high results, particularly for forecasting 
results within the succeeding decade. Spruce does not respond 
immediately to an opening up of the crown cover. Intermediate 
trees of from 6 to 10 inches in diameter may not respond at all inside 
of 12 or 15 years. . 

The following example will suffice to show how these data are 
combined: 

Suppose one desires to ascertain the probable volume of the 14-inch 
trees in an average stand of spruce in New York 15 years after a 
cutting to a 16-inch diameter limit. Assuming such a sized tree 
to be able to take full advantage of growth conditions and develop 
at the full “average maximum”’ rate, the annual increment in 
diameter would be, according to Table 10, 0.150 inch. In 15 years, 
consequently, it would have added 2.25 inches to its diameter and 
become a 16.25-inch tree. The average 14-inch tree, according to 
Table 4, is 62 feet tall and has a volume according to Table 9 of 


—————— 


136 ' board feet. 
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volume (interpolated) of 188 board feet. 
during the 15 years is 52 board feet, equivalent to 38 per cent. 
When the future yield of whole stands is to be computed a tabular 
arrangement of such values will be found convenient.’ 


Corresponding 


39 


A 16.25-inch tree similarly is 66 feet tall and has a 


Thus the increased growth 


| Corresponding volume value 


volume. FEO from (4). 
Inch ee i 
diameter |sponding| pjrect 

class. height. from Les 10 years | 20 years | 30 years | 10 years | 20 years | 30 years 

volume al hence. hence. hence. | hence. hence. hence. 

table, | curved. 
1 2 3 1 5 6 7 8 9 | 10 

Feet. | Board ft. | Board jft.| Inches Inches. | Inches. | Board ft.| Board ft. | Board ft 
8 47 34 hs 10. 2 12.5 14.7 61 107 162 
9 50 43 4 11.2 13.4 15.6 77 128 188 
10 53 55 58 12.1 14.2 1623) 97 148 209 
il 56 82 75 13.0 14.9 16.9 | 118 167 227 
12 58 97 95 13.8 15.7 17.5 138 191 245 
13 60 120 118 14.7 16.4 18.0 | 162 212 260 
14 62 13 143 15.5 7.0 18.5 185 230 278 
15 64 150 170 16.3 17.6 18.8 209 248 288 
16 66 200 200 17.1 18. 2 19.3 233 267 306 
17 68 230 230 17.9 18.9 19.8 } 257 | 291 324 
18 70 6O PAT) ae Sorc a eek a5 MB ereeosecl Sacer eeete eee eee | eer. 
19 71 290 PLD ocgnoneaSasike as sbe od boon aoSere |Seiwetctee Soliblactncime crease a cis sens 
20 73 320 OBL Netter a aetaotate| eras Sesto | ee ce voor px P a teeos ale spies ata orterctepeaee 

1 Interpolated. 


It will be noted that in column 3 the values have not been interpolated, although they might well have 
been. Instead they have been read directly from the volume table and the irregularities evened off in 
column 4 by curving. The values in columns 8, 9, and 10 are interpolated from column 4 in order to eliminate 
the irregularity that would otherwise result from rounding off the diameter values in columns 5, 6, and 7 
and reading direct from column 4. Curving ofthe values in 8, 9, and 10 may in some instances be necessary. 


The figures contained in Tables 15 and 16 show the comparative 
development of spruce in the Adirondacks and West Virginia under 
“average maximum” growth conditions. Unfortunately, the data 
were insufficient upon which to extend the New York table above 120 
years. An inspection of the height and diameter tables upon which 
this is based, however, shows the growth of each very much slack- 
ened. Inspection of Table 15 itself shows that the periodic annual 
growth culminated in the ninetieth year, while the mean annual 
would unquestionably culminate under 150 years. In West Virginia, 
on the other hand, the periodic annual growth does not begin to 
slacken until the one hundred and fiftieth year, while the mean annual 
growth continues unabated until the two hundred and fiftieth year. 


1 Under ordinary circumstances it would be sufficiently accurate to use the value corresponding to a 
14-inch tree 60 feet in height which, according to Table 29, is 130 board feet. In computations of this sort 
however, the volume table values had better be interpolated so as to secure a closer reading. Thus, it 
may be assumed that if a 14-inch tree has a volume of 130 board feet when 60 feet tall and 160 board fect 
when 70 feet tall, when it is 62 feet tallits volume will be 136 board fest (130 (160-130) by 0.2). 

2 The tabular form indicates all the steps to be taken in making up such a table of values for red spruce in 
New York under “average maximum”’ growth conditions. 
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TaBLe 15.—Cubic volume growth of red spruce in the Adirondacks, N. Y. (For “‘aver- 
age maximum” diameter growth conditions.) 


[CURVED.] 
Diameter Periodic | Mean 
Age. breast | Height. | Volume. | annual | annual 
high. growth. | growth. 
Years. | Inches. Fect. | Cu. ft. | Cutt! 1Cu Ft 
10 0.5 fs ika| bse tere ay a Os See gel eye Ss 
20 1.3 19) ee ee eA Sey et ee eee 
30 235 PAV Veal pele Rabe bye me es ee aS 
40 4.0 7A! eh epee tee | ee eB ey ee a rr 
50 Henk 37 Bi lt ne GS Boe 0.078 
60 7.8 46 8.0 0.41 - 133 
70 10.0 53 15.0 70 214 
80 12.0 58 23.0 80 . 288 
90 IBY) 62 32.0 90 -356 
100 15.2 65 40.0 80 - 400 
110 16.3 67 47.0 70 -427 
120 Woo. || 68 54.0 70 -450 


Dominant trees—spruce hardwood type. 
This table is a combination of growth-diameter Table 10, height Table 4, and volume Table 40. 
Data collected by the Conservation Commission of New Yorkin 1912 in Essex and Herkimer Counties. 


TaBLe 16.—Cubie volume growth of red spruce in West Virginia. (For ‘average maxi- 
mum” diameter growth conditions.) 


{CURVED.] 


: | Steet 
Diameter | Periodic | Mean 


Age. breast Height. | Volume. | annual annual 
high. | growth. | growth. 
Years. Inches. "ect. Cu. ft Cu. ft. Cu. ft 
10 0.9 IO’ Wooo ee ee ocr sees ees 
20 ta | 7s ese os Sock. Parse ae Seca ees 
30 3.5 aa | VOOR eam spe els Re re ety fae Se tee ar 
40 ee aed BES [tea cane tsacnes coalhs oee meets 
50 6.8 44 el lp Re eo ee 0. 094 
60 8.6 54 10.7 0. 60 .178 
70 10.5 64 19.0 .83 ae 
80 12.5 73 30.0 1.10 3000 
90 14.5 81 43 0 1.30 -478 
100 16.4 87 60.0 1.70 . 600 
110 18.2 93 78.0 1.80 . 709 
120 19.9 97 96.0 1.80 - 800 
13 21.4 100 115 0 1.90 ~ 885 
140 22.8 103 134.0 1.90 957 
150 24.2 106 154.0 2.00 1.027 
160 25.4 108 174.0 2.00 1. 088 
170 26.6 109 193.0 1.90 1135 
180 27.6 lil 212.0 1.80 1.178 
190 28.6 112 230.0 1.80 1.211 
200 29.5 113 247.0 1.70 1.285 
210 30.3 114 263.0 1.60 1.252 
22 31.0 il4 279.0 1.60 1.268 
230 Slat 115 293.0 1.40 1.274 
240 3230 116 307.0 1.40 1.279 
250 32.9 116 BPA Oe 1.40 1.284 
260 3355 117 334.0 1.20 1,285 
270 34.0 117 347.0 1S 1.285 


All trees—spruce slope type. 
This table is a combination of growth-diameter Table 11, height Table 4, and volume Table 41. 
Data collected by John Foley in 1903 in Greenbrier County. 

While similar data are not available for either Maine or New Hamp- 
shire, a comparison of the “Lower spruce and hardwood” and even 
of the ‘“Average-of-all-type” values of Maine (Table 9) with the 
“Average” values of New York (Table 10) indicates a better average 
development in Maine than in New York. Adequate figures for New 
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Hampshire would undoubtedly show somewhat better general de- 
velopment there than in Maine. 

The growth in volume of trees in even-aged stands may be deter- 
mined in a manner similar to that just described. In this case, how- 
ever, the diameter growth instead of being calculated by arbitrary 
periods, such as 10 or 20 years, would be expressed in terms of total 
age. If the rate of volume growth is to be determined for natural 
stands undisturbed by thinnings or other treatment which would 
tend to interfere with the process of elimination by natural competi- 
tion, the diameter growth should be based on the average growth of 
all green trees of the even-aged normal stands of different ages. I], 
however, thinnings are contemplated which will enable the trees com- 
posing a stand to grow at their maximum rate with the minumum 
of competition, the basis for growth should be the mean average of 
the dominant’ and intermediate (Table 12) or, under the most favor- 
able conditions, the dominant trees only of the even-aged normal 
stands of different ages. 


STANDS AND YIELDS. 


The yield of virgin or selection growth spruce, both present and 
future, varies widely from one type to the other and within the same 
type in different regions. It is not possible under the circumstances 
to discuss the subject in such detail as to cover the full range of 
conditions which local variations impose, nor are the data available 
for such discussion. Given certain fundamental data, the range of 
reliability of which is less restricted than would be yield tables based 
on the widely variable conditions existing in our present virgin and 
cull spruce selection forests, the yield for any particular tract can 
be readily computed. 

Aside from that already presented for the various regions under the 
headings of growth in height, diameter, and volume, the only infor- 
mation needed is the enumeration of the stands! the yield of which is 
to be determined and their average composition as to size and species 
calculated and tabulated for use in the following convenient form: 


Dinm: Average number of trees. Spruce 
eter, | left to 
>} 
breast lta ther | (on hen 
I Snrice Lon Mate re £ 
high, Spruce, | species, | Total. | aad 
| | a 
| | 
1 2 | 3 4 5 
| 
| | 
Inches, | 
| } 


1 In the appendix (Tables 50-53, inclusive, on pp. 94-97), will be found stand tables prepared from such 
enumerations in virgin forest growth of the spruce slope type. The associated species are included asa 
matter of comparison. Incidentally, these tables show in a broad general way the relative production 
per unit of area of the different regions which they represent. It must not be understood, however, that 
any claim is made that they show exact average conditions throughout their respective regions. 
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Having decided whether or not, during the period for which the 
future yield is to be forecasted, cutting will take place and in what 
amount, a volume growth table such as that outlined on page 41 
would be prepared. If a cutting is contemplated, there should be 
indicated on the stand table, as column 5, the average number of 
spruce trees of the different diameters which will be left for future 
erowth. The present yield per acre of the stand would then be 
determined by multiplying the values in column 2 of the stand table 
by those in column 4 of the volume growth table. The future 
yield would similarly be determined by multiplying the values in 
column 5 of the stand table by those in columns 8, 9, 10, etc., of the 
growth table. 

The yield of second-growth stands may be arrived at in a manner 
similar to that just outlined. The more direct method, however, 
is to measure all the trees on sample areas in stands of typical devel- 
opment and known age. The height, diameter, volume, and all 
other data for each plot are determined separately; and these various 
data are finally combined into a table on the basis of the age of the 
trees and the site quality to which they belong. Such a table appears 
below for normally stocked second-growth stands measured in Maine, 
New Hampshire, and Vermont. This table is based on data col- 
lected in unthinned stands of spruce which have come up on formerly 
cleared lands. So far as concerns the production of cubic volume 
and correspondingly, of cordwood volume, these values represent 
approximately the maximum for their respective ages and site classes. 
The table is thus suitable for use without modification in predicting 
the future yields of stands maintained for the production of pulpwood. 
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Taste 17.— Yield of red spruce in old-field stands. 
[Based on the yield of dominant, codominant, and intermediate trees only.] 
QUALITY I. 


| 
| 
Average | 


- Forest 
Age. EN Bel ciemnibter Height. | Yield per acre.1 jem Basis.2 
high. : actor. 
| 
Years. | Number.| Sq. ft. | Inches. Feet. Bd. jt. | Cu.jt.4 | Cords.5 Plots. 
20 1, 294 102 328 OP IR ars eae ne os Rane | cee AO |e 
25 1,076 140 4.9 31 i 
30 887 169 5.9 Gis apo cad cada dascsabs 4 sanouccce leorsen eee Eases mes 
35 756 190 6.8 ON ee ueEe SOG iets Bel GaSe ae cee) tama aes Dene ee me nips 
40 668 205 7.5 400i) tos 200Rs 13506080 e SIN) aoaiieieee 
45 603 216 8.1 51 1 
50 558 225 8.6 55 2 
55 527 232 9.0 58 1 
60 506 238 9.3 61 4 
65 490 242 9.5 64 5 
70 478 247 9.7 66 1 
75 467 250 9.9 G8 335 0000 |) 16,7000 | 9 70) | 89) ea ee 
80 457 253 10.1 LOM 045 SO0kMI es MONCOO e722. I) | 1.39) |h teens 
85 447 256 10.2 M2 eos O00rs | ee csO50N nema e740 30) [feo suena 
90 437 259 10. 4 Sel Od, OOO MN emmna, 120 wZ6 Jee SOS ile ne seen 
95 427 262 10.6 CAT os; LOOM N mide S000 Mn en tTsa | me SSS). neon eae! 
100 417 264 10.8 ZOFp 39, LOOT an eoS0m | menzS) Lin aeeSz, ileneekonees 
i5 


, =a] S| | = | oan] (bn it TT) | cial [ii 
3.1 Pie ear (Cscete 3 ae | ae A a a a a 
£0 itp ine ee linge tras | SP sal a en ite 

5 4.9 Bit oC seet east IS eek Eos ee | ee le le [eA eet a Ee Ae ae 
5.7 Taal ee eee Mr ee Boe | Deer Sae: Cane 1 
6.3 40 | 10,700 3, 00U 23 cha lh Cae eee 
6.9 44 | 14,100 3,770 31 | ATS || Sica 
7.4 47 | 17,100 4, 320 38 48 2 
ene 50 19, 600 4, 720 44 48 a 
8.0 53 | 21,700 5, 050 48 ATi) |e emg 
she) 55 23, 500 5,310 52 47 9 
8.5 57 | 25,000 5, 550 54 46 8 
Sn7 59 | 26,200 5, 750 57 46 3 
8.9 61 | 27,300 5,910 59 AS all ee eres 
9.0 63 28, 300 6,050 61 AAs | eee Sees 
9.2 64 | 29,300 6,170 62 AS 3a) | ley See ac 
9.4 65 | 30,200 6, 280 63 430) Nees eee 
9.5 66 | 31,100 6,370 64 4,» || Se ee 


20 2,134 67 2.4 
25 1, 620 90 one 
30 1, 304 109 3.9 
35 1,074 124 4.6 
1 40 924 136 5.2 
45 827 145 GEM 
50 755 153 6.1 
55 703 159 6.4 
60 664 164 65:7 
65 634 168 7A) 
70 609 172 Gia, 
75 588 176 7.4 
80 569 180 7.6 
85 551 183 7.8 
90 533 186 8.0 
95 516 189 8.2 
100 499 192 8.4 

| | 16 | 


1 Yield from suppressed and dead trees ignored. See Table 53 for actual figures on which this yield 
ule is pened: : aia i 
2 Based on 59 plots, in even-aged old pasture stands; area 13.1 acres, taken in Oxford and Penobscot 
Counties, Me.; Coos, Grafton, and Sullivan Counties, N. H.; Caledonia and Windsor Counties, Vt. 
_ 3-Trees 7 inches and over in diameter breast high; scaled by the New Hampshire Rule; top diameter 
inside bark, 6 inches, stump height, 1 foot. ; 
; 4 Reng 4 inches and over in diameter breast high; top diameter outside bark, 4 inches, stump height, 1 
oot. 
- eee 6 inches and over in diameter breast high; top diameter outside bark, 5 inches, stump height, 1 
oot. 
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TapiE 18.— Norway spruce } (Picea excelsa). Normal yield table for northern and central 
Germany. 


QUALITY I. 


Se 


= Diameter - 
Number ‘ eet: Yield Forest 
Age. | of trees hae a eenee ot x per form 
per acre. : ae Naas acres factor. 
Years. Sq. /t. Feet. Inches. Cu. ft. 
40 1, 254 194.8 47.9 5.4 4,973 0. 531 
50 799 216.1 61.4 7.2 7, 067 533 
60 557 231.5 72. 4 8.9 8,798 525 
70 421 241.8 81.3 10.4 10, 227 520 
80 340 250. 7 88. 6 11.8 11, 425 514 
90 284 259. 2 94.8 13.2 12, 457 507 
100 247 266.7 100.0 14.4 13, 367 | 01 
QUALITY I. 
= ee ee ee ee 
40 1,924 140.8 30. 2 eve 2,115 0. 495 
50 1, 216 162. 4 42.0 4.9 3, 673 . 534 
60 840 178.9 §2.2 6.2 5, 059 539 
70 628 189. 2 61.0 7.4 6, 274 539 
80 500 200. 0 67.9 8.5 7,317 534 
90 424 209. 5 73.5 9.5 8, 217 528 
100 380 217.7 78. 4 10. 2 8, 960 522 
End Eaoee eee eel Wee Seal Ceca ee nes [Maen ne [Ne seta ol Ae se aah 
QUALITY II. 
40 | 3,587 95.5 17.6 23 638 0.380 
50 | 1,969 116.3 25.3 3.3 1,410 - 479 
60 1, 270 131.3 33.3 4.5 2; 403 550 
70 | 928 142.5 41.1 5.4 3, 344 571 
80 | 750 152.2 47.2 6.2 | 4,161 579 
90 651 160.6 51.8 6.8 | 4,823 . 580 
100 597 167.3 55.4 7.3 | 5, 352 ord 
\ 


1 From ‘Wachstum und Ertrag normaler Fichtenbestande,” by Adam Schwappach, Berlin, 1890, as 
translated by H. S. Graves (pp. 417 and 418, Forest Mensuration, New York, 1906), revised on the basis of 
3 instead of 5 quality classes. 

2 At 1.3 meters (4.27 feet) from the ground. 

2 Derbholz (top diameter of 2.76 inches outside the bark). 


A comparison ' of the values in Table 17 for red spruce with those 
of Table 18 for Norway spruce brings out the importance of good 
management in the development of stands. One of the first things 
to arrest the attention is the marked discrepancy between red spruce 
and Norway spruce in height and volume growth in Quality I. 
Even red spruce’s advantage in having only its best growing trees 
sncluded is insufficient to overbalance the deficiency in height. One’s 
first impulse is to take this as confirming the widely accepted opinion 
that the growth qualities of red spruce are markedly inferior to those 
of Norway. Yet if that were so, the discrepancy would prevail 
throughout the three quality classes, which it does not do. It is 
considerably less marked in Quality I and disappears almost alto- 
gether in Quality Ili. To explain this difference, one must take 
‘nto consideration the intensity of management of Norway spruce in 
the different quality classes. Thus, in Quality II, where Norway 
spruce was least intensively managed, thinnings began late, between 


1 In making the comparison it should be continually borne in mind (1) that the red spruce table is based 
on the measurement only of dominant and intermediate trees in 59 volunteer stands, whereas the other 
includes all green trees in 400 managed stands, four-fifths of which were artificially regenerated, and (2) that 
the utilization is not sc close for red spruce as for Norway either in the top or at the stump. 
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the fortieth and forty-fifth year, and were light, about 2 trees in 7, or 
hardly more than the natural thinning which took place among the 
dominant and intermediate trees in the corresponding red spruce 
stands. The thinnings throughout, up to and including the one 
hundredth year, were in fact insufficient to make the number of trees 
the same in the Norway spruce stands as in the red spruce (dominant 
and intermediate trees) stands of corresponding age. Nevertheless, 
thinnings did accelerate the rate of growth somewhat, so that by the 
one hundredth year the whole Norway spruce stand, consisting of 
98 more trees, very closely approximated the development attained 
by the red spruce dominant and intermediate trees. In the Quality 
iT stands the effect of thinnings is more marked. Thinnings began 
in the thirty-fifth year, with an intensity of 3 trees in 7 removed 
(42 per cent), and continued comparatively heavy till the eightieth 
year, when they were 1 in 5 (20 per cent). The acceleration in 
this case is everywhere apparent. Shorter by 10 feet in the for- 
tieth year, the whole Norway spruce stand had by the sixtieth year 
attamed the same development as the dominant and intermediate 
red spruce stand of that age, and, while still lacking nearly 2 inches 
in average diameter, showed 9 cubic feet greater volume. By the 
eightieth year the total stems in the Norway spruce stand had 
been reduced to 3 less than the number of dominant and intermediate 
trees in the red spruce stand; had practically the same average 
diameter and 7 feet greater height; and being fuller boled, as indi- 
cated by the larger form factor, showed a very much accelerated vol- 
ume growth. In Quality I, thinnings began in the twenty-fifth year 
on a scale slightly more than 3 in 7; and the entire stand with 586 
more trees, had by the fortieth year surpassed in average height the 
average dominant and intermediate development of the red spruce 


_ stand of corresponding age and quality. This, with the fuller bole 


development, gave the Norway stand a considerable advantage in 


_ volume development, whether or not it accounts for all of the 1,313 


cubic feet excess volume at that age. From that time on the red 


| spruce stagnated and languished; but the Norway spruce, under the 


stimulas of frequent thinnings, increased steadily in every respect. 


| The conclusion to be drawn from the comparison seems to be that 
_ lack of management rather than any inherent deficiency in growing 


qualities was the factor most largely responsible for the less travorable 


showing of red spruce. 


METHODS OF CUTTING. 


The methods of cutting to secure the natural regeneration of spruce 
depend in a large measure upon whether the stand to be perpetuated 
is of the selection, or many-aged form, as represented by the virgin 
and the cull forests, or of the even-aged form, such as those coming 
in after fire or windfall, or on abandoned pastures. 
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On account of the tolerance of spruce, it is well adapted to a selec- 
tion system of management by which only the older trees of the 
main stand are removed and the necessary conditions thus estab- 
lished for the development of a new young growth. When this sys- 
tem is strictly carried out, the forest should be cut over annually, and 
only the very oldest and largest trees and those of least promising 
growth removed. In forests constituted as ours are at present, such 
a procedure would be impossible of accomplishment under any other 
than State ownership, which might put other considerations aboye 
revenue. 

Cutting to a diameter limit, now quite generally practiced by lum- 
bermen in the spruce regions, is a modification of the selection system 
by which a sufficient yield to make the individual cutting operations 
profitable is secured periodically. The amount cut each period and 
the interval between the successive cuttings vary, of course, with 
the diameter limit used. 

In order to obtain satisfactory results under this system, a careful 
scrutiny is required of those trees immediately above and below the 
set diameter limit that their relations to others and to the best inter- 
ests of the stand to be left may be ascertained. A fixed diameter 
limit is used in making computations to forecast the yield; but its 
application by “rule of thumb” in actual practice may defeat the 
purpose of the system. In the woods the diameter limit is best used 
simply as a guide. In general the largest trees should be cut, since 
their rate of growth is below that which would make their retention 
a profitable investment. They are likewise occupying space which 
would be more profitably used by younger and more rapidly growing 
trees. Approaching the diameter limit there are trees both above 
and below the established limit which should be cut because they 
have a poor crown, are:stunted, or otherwsie defective, so that their 
present worth would be lost if they were to be left until the next 
cutting. On the other hand, trees above the prescribed diameter 
limit which give every indication of being in thrifty growing condition 
should unquestionably be left, since their worth will be materially 
enhanced by allowing them to remain until the next cut is made. 
Trees of inferior species, as balsam and most of the hardwoods, which 
are interfering with the best development of the spruce, should be | 
cut whenever possible. 

Thus while the prescribed diameter limit may be 14 inches, the 
approximate minimum size to be taken may be 5 inches. Other 
things being equal, this minimum size will depend upon the market 
and the object of management. To insure a utilization of at least 
two-thirds of the stem height, no sound spruce tree should be cut for 
lumber smaller than 10 inches in diameter at breastheight and for | 
pulp nene smaller than 5 inches in diameter. These minima should 
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be raised to 11 inches and 6 inches, respectively, for stands averaging 
from 65 to 85 feet tall and to 12 inches and 6 inches for all stands 
over 85 feet tall. 

It is not feasible to remove the defective trees which will not yield 
sufficient material to offset at least the cost of logging, except in 
localities where there is a high fire hazard or as a precaution against 
the spread of insects or fungous disease. In this case the logging 
operation may well be taken advantage of to improve fire protection 
or sanitary conditions by felling and swamping badly defective and 
dead trees and snags. 

Care must be taken to provide suitable conditions for reproducing 
the stand. Where there is balsam in mixture with spruce, the com- 
petition of this species in the young growth should be reduced as far 
as possible by cutting the balsam in the main stand to as low a 
diameter limit as market conditions will warrant, thus reducing the 
number of balsam left for seed dispersal. Where the species in mix- 
ture are hardwoods, the same procedure will apply, although the 
elimination of the hardwoods need not be carried out so severely, 
for the reason that their effective range of seed dispersal is not so 
great as that of balsam. A more severe cutting of the hardwoods 
may be necessary, however, where there is much advanced young 
growth of spruce which requires to be released from shade to encour- 
age its more rapid development. 

Spruce should be favored in preference to balsam and most hard- 
woods for the reason that it is much less aggressive than the others 
and usually of the more value and desirability. Where conditions 
are favorable to the development of white pine and ash and possibly 
also basswood and red oak, they should be given the preference over 
spruce, since they are more valuable and less able to maintain them- 
selves in competition with spruce, being less tolerant of shade. 

It is impracticable to trust to the loggers to put the diameter limit 
into effect, and it is here that many spruce operators fail to secure 
the full benefit of the system’s application. The trees to be cut should 
be marked beforehand by a man competent to judge the needs and 
requirements of the stand from the standpoint of both the forester 
| and the operator. The fact that some companies which have tried 

marking claim that the results attained under the one method and 
| the other do not materially differ does not prove the impracticability 

of the method, but reflects rather on the lack of trained judgment of 
the men whom they have employed to do the marking. 


GROUPWISE CUTTINGS. 


| For general use the selection system in one of its forms is undoubt- 
| edly best suited to the management of spruce, particularly in lumber 
operations. Nevertheless it has its limitations. The degree of sever- 
ity with which a stand must be cut to make the operation profitable 


ce Ee 
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is important particularly in the swamp type and on the more exposed. 
slope situations where there is great danger from windfall. In. such 
situations the cuttings should be very light, so that the main crown 
cover will continue relatively undisturbed, or everything merchant- 
able on a given area should be cut. This will virtually amount to 
clean cutting, for the nonmerchantable material left will almost iney- 
itably be blown down. 

If the individual cutting area is small, of only one or two acres 
in extent, and flanked by spruce growth either on its windward side 
or above it, reseeding from trees standing on the adjacent area will 
take place followmg clean cutting. Thus on a level, low-lying area 
groups or patches of timber may be selected for removal and the sur- 
rounding uncut areas depended upon to furnish the necessary seed 
for reproduction. In such a case subsequent cuttings would extend 
these areas gradually until the whole was cut over. 

The exact shape and size of the area to be clean cut, as well as the 
selection of the initial pomts of attack in starting a groupwise cut- 
ting, depend on circumstances and the object it is desired to attain. 
Areas of advanced young growth may occur under the old woods, 
which it is desirable to free from shading and allow to develop; advan- 
tage may be taken of groups of overmature or insect-infested trees 
which are stagnatmg or declining in growth and value and which 
require cutting to prevent loss; or it might be desired to replace 
groups of mixed spruce and hardweods by pure spruce, or to make an 
opening to encourage pine, ash, or other more valuable species. 

The chief objection to this method im practice is that to msure 
effective reproduction the cleared areas should not exceed from 100 
to 150 feet across. ‘These should be separated by a sufficient amount 
of uncut timber to protect the cleared area from too severe exposure 
to sun and wind and insure the remaining stand against being blown 
down. For economical lumbering, however, a larger area would 


oiten be desirable. 
CLEAN CUTTING IN STRIPS. 


A better method for extensive cuttings in areas susceptible to 
windthrow is to distribute the clean cutting in strips in such a man- 
ner that the long way of the strip is at right angles, or nearly so, to 
the direction of the prevailing storm winds. Reproduction of the 
cleared areas would be secured by seeds disseminated from the trees 
in the intervening uncut timber belts which should be left intact at 
the time of the first cutting, or only very lightly thinned by removing 
small, or overtopped and dying trees without disturbing the main 
crown cover. Whether it is advisable to thin or not depends upon 
the degree of lability to windthrow, and upon the depth of the strips. 
in the direction of the prevailing high winds. Instead of the sides 
of the strips in the cutting area being straight, they may be undu- 
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Fia. 1.—SEED TREES NEAR AT HAND. STOCKING DENSE IN CONSEQUENCE. 


Fic. 2.—SEED TREES ATA DISTANCE. STOCKING IN GROUPS AND AS WIDELY SCATTERED 
INDIVIDUALS. 


GENESIS OF OLD FIELD SPRUCE STANDS. 
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lating or saw-toothed, like a series of wedges or triangles with their 
bases on line. This modification is rather commonly used with 
spruce abroad. 

Effectiveness in securing reproduction with the strip plan will 
depend upon the width of the strips employed. Satisfactory restock- 
ing of the cleared area can not be expected on a strip wider than twice 
the height of the trees in the adjacent stand; not because of inabil- 
ity to secure effective seed dispersal at even a great distance, but 
because of the effect upon seed germination and growth. Too exten- 
sive cutting will expose the soil to drying influences detrimental to 
spruce reproduction and at the same time create a condition favor- 
able to the development of hardwoods, raspberry, and other peren- 
nials and weed growth in general. 

Satisfactory reproduction in the reserve strips must be secured as 
advanced growth from seed trees standing on those strips, or the 

cutting of the reserve strips must be delayed until the trees on the 
strips first cleared are large enough to supply the necessary seed. <A 
spruce stand in which windfirmness has been especially developed by 
; periodic thinning from early youth may be reproduced by the shelter- 
jowood compartment method. Such stands, however, can hardly be 
2 said to exist in this country at the present time. Thinnings of the 
) severity of shelter-wood cuttings are largely out of the question in the 
previously unthinned stands of either virgin or old-field spruce which 
(it is desirable to manage under a system of clean cutting in strips. 
To insure an early second cut and prompt and effective regenera- 
tion, alternate cut and uncut strips not over 75 feet in width should 
ibe employed. By the adoption of strips of this width reproduction 
\would not only be reasonably assured to the cleared strips but the 
(side light and extra ventilation which would be let into the uncleared 
(strips would be sufficient to create a condition favorable to satisfac. 
\tory reproduction there also. For the dense, even-aged, old-field 
jstands, strips as narrow as 10 feet with 20-foot reserve strips inter- 
|vening have been recommended.!. The final clearing of the area under 
jsuch a system should be possible within 10 or 15 years after the first 
cut. This will enable the harvesting of a third or more of the crop at 
fone cut. The cost will of course be somewhat more than if wider 
istrips or clean cutting in a solid block were practiced. The yield and 
operating cost per unit of area should not, however, be materially 
different from that which would result from cutting to a diameter 
limit of 14 inches, except that slightly greater expense would attach 
to the handling and marketing of the smaller material which the clean 
cuttings would yield. 


‘ 


1“ Forestry in New England,” by R. C. Hawley and A. F. Hawes, p. 226. 
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The use of strips up to 300 feet wide or more will reduce the cost of 
logging but will delay the cutting of the second half of the area until 
the trees on the first half become large enough to furnish the neces- 


Twenty or twenty-five years after clear cutting and burning. 


Prevailing wind direction ———-—> 


dispersed in the early spring. 


300 ft sirip 


Old stand. 


Old stand. 


Over wood of aspen, fire cherry, birch, and the like which came in following burning. Under- 


Spruce stocking complete in first and second seed years near the old stand. Third and fourth seed years required to establish 


satisfactory reproduction near the center of the strip. 


Tig. 2a.—Method of wide strip cuttings in spruce. 


wood of spruce. 


sary seed for reproducing it when 
cut over. This will delay the sec- 
ond cut to between the sixtieth 
and seventy-fifth year and require 
arotation for each half of the stand 
of from 120 to 150 years. Com-- 
plete stocking on the entire 300 
feet of clearing could hardly be 
expected short of 3 and possibly 4 
seed years; that is, from 15 to 18 
years. Birch, aspen, beech, maple, 
and other hardwoods, and rasp- 
berries and other perennials will 
almostsurely come in during thein- 
terval, whether the area is burned 
over or not. Spruce, however, will 
seed in beneath; and while that 
which comes in first where the | 
cover crop is dense willbe retarded, | 
that which comes in later will find — 
conditions favorable to its rapid de- 
velopment, so that when the over- 
wood thins out, this understory of 
spruce will develop largely as an 
even-aged stand. (See Fig. 2a.) 
The most desirable of the hard- 
woods as a nurse tree for spruce is 
the aspen. It also reaches sucha 
size as to enable it to be cut at a 
profit within from 40 to 50 years. 
Its coming in, therefore, should be — 
encouraged. ‘This can best be ac- 
complished by the broadcast burn- — 
ing of the brush in the early spring 
following the logging. The seed | 
of fire cherry is dispersed in the | 
summer and of beech, paper birch, | 
and sugar maple in the fall and | 
winter, while that of the aspen is | 


| 


Broadcast burning in the spring, there- | 
fore, as soon as the brush is dried out enough to burn readily, will | 
destroy the duff and the seeds and spring germinates of the other | 


| 
| 
| 
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species and will expose mineral soil most opportunely for aspen 


seed to catch and take possession 
spruce in subsequent seed years. 

This method should prove satisfac- 
tory, particularly where spruce saw 
timber is desired. The early growth 
of the main stand under the cover 
crop would prevent the development 
of stout branches to such a height at 
least that one or more clear logs to 
each bole could be produced. The 
cover crop would reach merchantable 
size by about the fortieth or fiftieth 
year and could be harvested. (See 
Fig. 2b.) The main crop could be 
thinned at the same time to secure 
satisfactory distribution of the trees 
to be left. With the removal of the 
cover crop all spruce would be stimu- 
lated and rapid development follow. 
At the time of clean cutting the 
second area, in from the sixtieth to 
seventieth year, it would be profit- 
able to thin the stand again on the 
first area. (Fig. 2c.) The final thin- 
ning of the first area would take 
place between the one hundredth 
and one hundred and twentieth year, 
when the removal of the cover crop 
and first thinning of the second area 
was made, thus at least three thin- 
nings of the spruce would be pos- 
sible with little or no additional 
expense. The cost of bringing the 
cut of spruce to maturity would be 
somewhat more under this Jength- 
ened rotation than under a shorter 
rotation, but this would be offset 
to a considerable extent by the in- 
termediate revenues from the har- 
vesting of the cover crop and the 
thinnings and by the better quality 
of timber yielded. The method 
could obviously only be employed 


Same stand, as shown in Fig. 2a, after forty or fifty years. 


Old stand. 


Old stand. 


of the ground, followed by 


2b.—Cover crop of aspen, fire cherry, etc., harvested, and spruce young growth thinned. 


Fia. 


1 . . 
where there was an available market for the products yielded by 
the cover crop, namely, aspen pulp and excelsior stock, and maple 
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and birch firewood, spools, novelties, and the like. A permanent 
market for spruce of the quality produced would also be necessary. 


Same stand, as shown in Fig. 2a, after sixty or seventy years. 


Alternate strips clean cut and burned. 


Alternate strips clean cut and burned 


Stand of seed bearing age by which means the alternate clean cut stri ps will be reproduced. 


Fia. 2%¢.—Second thinning at time of clean cutting alternate strips. 


IMPROVEMENT CUTTINGS. 


With forests of the selection or many- 
aged form, thinnings, strictly speaking, 
merge to such an extent with the opera- 
tions of harvesting the mature crops as 
to lose their identity. Thinnings and 
like operations, therefore, are applied 
to such forests only as are even-aged 
throughout or are made up of even- 
aged groups. 

Improvement cuttings are divided 
successively into the following classes: 
cleanings, liberation cuttings, and thin- 
nines. Pruning is also an improvement 
operation, but in this country, and par- 
ticularly in the case of spruce, will be 
scantily employed. Pruning involves a 
direct investment of money from which 
only an indirect benefit is derived. With 
a short rotation, pruning makes possible 
the securing of a larger percentage of 
clear logs capable of yielding upper 
grades of lumber. Aside from so-called 
“fiddle butts ’’ for piano board and violin 
stock and clear logs for siding material, 
the difference in price at the present time 
between the various grades of spruce will 
not justify an investment for pruning. 

Cleanings —Cleanings are particu- 
larly adapted to bring about favorable 
results in the mixed spruce and hard- 
wood growths which come in after clean 
cutting and burning. Such worthless 
material as fire cherry and the slow- 
growing beech and sugar maple may be 
removed from young stands, and the 
birch and popple thinned. The most 
advantageous time is about the fifth 
year after the spruce has come in under 
the hardwood cover, since at that age 


spruce has fully established its roots in the mineral soil and is ready to 
grow rapidly in height. Cleanings may also be resorted to in old-field 
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spruce stands to eliminate spruce or balsam advance growth and to 
reduce the percentage of balsam in the stand. Cuttings of this sort 
are indirectly remunerative, in the sense that they operate to shorten 
the rotation and thus bring the final yield nearer at hand; but care 
must be taken to remove only what is necessary to accomplish the 
purpose of the operation, otherwise the cost will be too great. 

Liberation cuttings—In the mixed selection stands, it often hap- 
pens that a large spreading maple or other hardwood is retarding 
the development of a group of young spruce. The removal. of 
such a tree for that reason would be a liberation cutting. It 
will generally happen, though, that immediate financial considera- 

tions as to whether or not the tree is worth cutting will govern, 
and that such a cutting will be made a part of the regular logging 
operation. Similarly the removal of this class of tree from second 
crowth stands will form a part of the operation of thinning. Because 
such trees are larger than the others in the stand, their removal 
may constitute a determining factor in making a thimning profitable. 
A liberation cutting will not often be made alone, although in cer- 
tain instances it will justify itself by making possible a large final 
yield. 

Thinnings.—Thinnings are particularly desirable in the dense, 
even-aged stands resulting from natural seeding. Such stands not 
infrequently have upwards of 4,000 trees per acre, with an average 
growing space of about 10 square feet per tree at 30 years of age. 
As compared to this, a planted stand spaced 6 by 6 feet apart would 
have but 1,210 trees per acre, with a growing space per tree of 36 
square feet. Even where the aggregate number of trees in the natural 
stand is less than that indicated, the tendency of spruce to germi- 
nate in clumps about the more favorable seed bed spots gives rise to 
a crowding which is every bit as undesirable as though the area were 
uniformly congested. 

On account of the extreme tenacity with which spruce hangs on 
when once it has its roots established im the soil, it is not able to free 
itself in the struggle for supremacy with anything like the facility 
of the less tolerant species. As a result, a long period of stagnation, 
in which both the height and diameter growth suffer, follows the 
closmg of the crown cover. These stands, if allowed to continue in 
their overcrowded condition until they are from 50 to 60 years of 
age, will often contain as many dominant and intermediate trees 

to the acre as the planted stand would have to start with, and will 
be composed of small-topped, spindling trees, averaging not more 
than 6 or 7 inches in diameter; and not more than one-half of the 
total volume will be merchantable. Under such conditions, also, the 
stand can not be thinned profitably. The cost of getting out the 
amount of product to be secured from a first thinning in such a stand 
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would be prohibitive. The remaining trees would be particularly 
liable to windthrow, and the thinning would produce doubtful results 
in securing an accelerated growth. With the attainment of their 
principal height growth, the trees composing a crowded stand have 
adjusted themselves through the abnormal reduction of their crown 
surface to the restricted growing space, and the possibilities of stimu- 
lating the growth in such a stand are not promising, unless the stand 
is to be left intact for upwards of 30 years afterward. 

The principle to be followed in making thinnings depends upon the 
object of management and the age when thinnings can be begun. If 
it be desired to secure the maximum volume production, which cul- 
minates, according to Table 14, between the thirty-fifth and seventieth 
year, depending on the unit of volume and the site quality, thinnings 
should be undertaken by the twenty-fifth or thirtieth year on the 
best sites and be confined to the dominant and intermediate trees. 
If, however, quality production is the object desired, the first thin- 
nings may be delayed until the thirty-fifth or fortieth year, being 
confined to the lower and intermediate crown classes until the 
sixtieth or seventieth year. This would especially encourage the 
development of form and quality. Thereafter the stand would be 
thinned more heavily. The last third of the rotation, or approxi- 
mately after the eightieth or the one hundredth year, the cuttings 
would be in the form of accretion cuttings which would isolate a 
certain number of the best trees for the encouragement of a more 
rapid growth in volume. 

The object of thmnings for volume production should be to free 
the tallest trees and gradually: reduce their numbers without removing 
the weakest, except where they have a dry top, since they assist 
natural pruning, cover and protect the soil, ‘and add to the strength 
of a close canopy. In the early period, when the trees are only to a 
limited extent merchantable, the fewest number of trees possible 
should be removed. The greatest advantage, accordingly, can be 
derived by cutting only those trees which occupy a position im the 
upper crown level, but which are interfering with the development of 
the stronger growing individuals. This will relieve the intense strug- 
gle taking place among those trees which are finally to form the 
mature stand and will allow them to develop with a minimum of 
hindrance from their neighbors. To be most effective, thinnings 
should be frequent and light in early life and heavier and less fre- 
quent in later years. Such early thinnings, however, involve a con- 
siderable expense, while the later ones may render the stand liable 
to windthrow, so that it will often be necessary to compromise. 

In judging of the need for thinning, the relation of the crown length 
to the total height of those trees which are to form the final cut should 
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be noted.. This would ordinarily vary between 25 and 40 per cent, 
depending on whether maximum solid volume or board-foot volume 
was the desired object. However, the response to thinnings made 
in spruce having an average crown length of less than 25 per cent of 
the height will be exceedingly slow and for that reason of doubtful 
financial value. 

In Table 19 an attempt is made to predict the yield due to accel- 
erated growth to be obtained by thinnings made at different ages and 
with varying degrees of severity. 


Taste 19.— Yield from stands of average quality thinned for maximum volume production 
of pulpwood (unpeeled cords) based on the cutting of dominant (including codominant) 
and iniermediate trees only. Minimum merchantable size, 6 inches vn diameter at 
breastheight and 5 inches in diameter outside bark in the top. 


4 THINNINGS. 


Number of dominant and in- 
termediate trees. 
Mer- ; 
Propor- quiva- 
Ageof | 1 fully tion of peaateule Final | Total |lent mean 
stand. | stocked | Tobe | To be re- pees res oftrees | Yield. | yield. ae 
un- left after | moved in * | removed. gro 
thinned | thinning.) thinning. 
stands. 
1 2 3 4 5 6 7 8 9 
Years. Cords. Cords. Cords. Cords. 
25 1,316 1,097 220 et eats neta dee (scares mes cd 
| 30 1,062 O14 183 $ BAO be cates rece le ota eric | eras siecle 
35 890 762 152 2 BMG cecal eee sae ee el gare 
Syme 774 635 127 Hi FAL NH ECS a ROTTS Bante pad ee ee i 
682 17.9 
45 GOOD We | Rees eee a eeston eta Aorcare Sn cice'| bueyeate erm cte 44 61.9 1.37 
| 
3 THINNINGS. 
| 95 1,316 1,054 263 2 tee oe: Pe aed eee een opened 
35 8 91 263 4 IAT RE hd a Skeh ARs Oe af Ae 
| 45 697 593 198 3 QE OR aaeeeoe ol as terse ts Mae oaeeeee 
| | 724 16.6 
| 50 605 | os ote eel pees eer pao aes 44 60.6 1.21 
2 THINNINGS. 
| i x [ ic i eee 
30 1,062 849 212 Boe scrofa eve | x ahs vege oa ol eens Raye are ieseeateteve et aac 
40 774 | 637 212 | i TU tal ee (eS eo eal Nase s. 
1 ————$—$—— —_—_—— 
424 | 10.2 | 
50 605 | Pe RR eee eae eed oe 44 | 54.2 i. 10 


The basic values are taken from Table 17, giving the yields for 
unthinned, fully stocked, old-field spruce stands of second quality. 
The volume production of these stands reaches a maximum in the 
fifty-fifth year and is 44 cords per acre. The assumption is made in 
Table 19 that 4 thinnings will reduce the natural rotation 10 years; 
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while for 3 and 2 thinnings 5 years will be saved in bringing the stand 
to maturity. The severity of each thinning is gauged so as to leave 
approximately the same number of trees as are shown by the yield 
table to be capable of growing under naturally competitive condi- 
tions at the end of the thinning period. Thus, in the case of the 
series of 4 thinnings, the first one in the twenty-fifth year reduces 
the number of trees from 1,316 to 1,097, which not quite approxi- 
mates the condition which would be brought about by natural 
selection in the succeeding 5 years. The normal number of trees 
in unthinned stands (column 2) does not enter into the calculation 
but is included only for comparison to show how far each thinning 
will eliminate competition during the period. 

All first thinnings, according to the table, show no remunerative 
yield. They are accordingly made light to reduce as far as possible 
the expense involved in making them. The maintaining of a reason- 
able density is also a consideration in making the thinning light, 
thus improving the form and quality of the final yield. With four 
thinnings the number of trees is not sufficiently reduced in any one 
thinning so that a normal density will not be restored within 5 years. 
With the 3 thinnings the number of trees is reduced in each case 
somewhat below the normal for a fully stocked stand of 5 years 
greater age. For example, the first thinning at 25 years reduces the 
number of trees to 1,054, while the normal density for 30-year stands 
is 1,062. With 2 thinnings the cut is heavier still. In each case, 
however, there is little doubt that the crown cover will be reestablishd 
in 5 years. 

In calculating the volume of each thinning the volume of the aver- 
age tree in the yield table has been taken as a basis. The assump- 
tion introduces a plus error, since doubtless the average of the trees 
taken out will not in all cases be the same as the average of the 
stand. Yet any error which may arise from this cause will be more . 
than offset by the fact that in addition to the indicated number of 
dominant and intermediate trees taken an unestimated amount will 
be yielded by suppressed and dead trees taken at the same time. The 
final yield also is based exclusively on that to be obtained from dom-, 
inant and intermediate trees, while the suppressed and dead will 
doubtless yield several cords additional at the final cutting. 

In the absence of graded mill tallies for second-growth spruce it 
is not possible to determine the rotation vielding the highest quality 
increment. Table 20, however, attempts to show the intermediate 
and final yield in board feet for spruce which has started under a 
light hardwood cover and been managed under the wide strip system 
outlined elsewhere. 
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Taste 20.— Yield from stands thinned for production of superior quality lumber, based 
on the cutting of dominant (including codominant) and intermediate trees only. Mini- 
mum merchantable size, 7 inches in diameter at breastheight and 6 inches in diameter 
outside bark in the top. 


Number of dominant and interme- 


diate trees only. 
hi id Propor- | Merchant- | Equivalent 
Ageof | tion of jable volume} Final Total | mean 
stand. Tn fully 4 2 trees of trees yield. | yield. annual 
SU ee poenel ees i removed.! removed. | | growth. 
unthinne pina ease 
stands: thinning. | thinning. | | 
— — _ sik — ——- — ~ + — 
1 2 3 4 5 6 7 8 9 
| Bd. ft. Ba. fi. | Bd. ft. Bd. ft. 


It has been assumed in this case that at the time of removal of 
the hardwood cover, in the forty-fifth year, the understory of spruce 
would have a development parallel to that of a 25-year-old stand 
which had started in the open. Thus by adding 20 years to the «if- 
ferent ages given in Table 17 the equivalent yields in unthinned 
stands up to 120 years are obtained. 

The first thinning is indicated to be light and unremunerative, but 
there would doubtless be yielded at least a small amount of cord- 
wood, which would be the class of material chiefly yielded by the cover 
crop of aspen, birch, and other hardwoods taken out at this cutting. 
The cut, as a whole, should therefore show a fair profit. This thin- 
ning would reduce the number of dominant and intermediate trees 
in the stand to a spacing of about 7 by 6 feet or that found m a nor- 
mal unthinned stand seven years older, although the cover would 
doubtless entirely close in five years or less. The relief from compe- 
tition should, however, occasion such an acceleration in growth for 
the 20-year period before the next thinning as to gain 5 years over 
the unthinned stand. Thus the stand at the next thinning, in the 
sixty-fifth year, would have the development shown for 70-year-old 
unthinned stands, or 643 dominant and intermediate trees to the acre. 

From the sixty-fifth year on to the one hundred and fifth year, 
when the third thinning would take place, the reduction in numbers 
in natural unthinned stands is very gradual, 54 between the seven- 
tieth and seventy-fifth years, and but 11 between the one hundredth 
and one hundred and fifth years. The removal of one tree in 
five from the dominant and intermediate crown classes at the sixty- 
fifth year would consequently reduce the number of stems to that 
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found in a fully stocked unthinned stand of 95 years. The means 
this thinning would afford for the enlargement of the crowns of the 
remaining trees should make it possible to sustain such a rate of 
erowth for the 40-year period as would bring the thinned stand at 
105 years to a state of development equal to the unthinned 120- 
year-old stand. This would require a periodic mean annual growth 
of but 350 board feet, which should be easily possible, simce m the 
unthinned stands it is 500 board feet per annum for the period from 
the seventieth to the seventy-fifth years and 360 board feet per 
annum from the eightieth to the eighty-fifth, with a mean for the 
40-year period of 280 board feet per annum. 

The final thinning in the one hundred and fifth year would be 
increased in severity so as to take out 1 tree in every 4 in the dominant 
and intermediate crown classes, thus reducing the number of trees 
remaining in these classes to 347 and the volume to 23,300 board feet 
in round numbers. 

The calculation of the final yield 1s based on the assumption that 
the volume will increase at the same rate per cent in the final 15 years 
in the thinned stand as in the unthinned stand. ‘This gives an average 
volume for the 347 trees of 74 board feet per tree, corresponding to a 
tree 9.5 inches in diameter at breast height and 65 feet_tall, which is 
well within the limits of reason. 

These calculations, like those on cord yields, leave out of consid- 
eration entirely all intermediate or final yields to be obtained in 
cutting suppressed and dead trees, which in the aggregate would be 
considerable, thus making the predictions amply conservative. | 

Doubtless on the rotations after the first one, except in exposed — 
situations, the final removal of the crop might be begun in the ninety- 
fifth or one hundredth year under the shelter-wood compartment 
method. This would render the two cutting areas suggested in the 
original plan independent of one another, so far as seeding was con- 
cerned; would eliminate the intermediate hardwood crop, and would 
enable the rotation to be materially shortened. In such a case it 
might be well to introduce another thinning about the eighty-fifth 
year. A too-intensive system of management, however, for the pro- 
duction of first quality spruce sawlogs will not be justified. Com- 
petition with white pine similarly managed would make such an 
undertaking entirely unprofitable. 

Figure 3, based on actual measurements in old-field spruce stands, 
shows graphically the influence the number of trees per acre has upon 
the development of the stand, particularly on average breast-high 
diameter and yield. 

Overcrowding in plot 39 is particularly apparent from the under- 
development of breast-high diameter and of board-foot contents. 
In contrast with this is the understocking in plot 17, which gave rise 
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to an abnormal diameter development as well as of board-foot con- 
tents and a less-than-normal cubic and cord volume. The full effect 
of understocking is obviously obscured by the better-than-average 
height development of plot 17, which amounts to more than 10 feet 
above the average and would occasion a 12 to 15 per cent increase in 
volume. The subnormal total-basal area is the best index in this 
ease. As is to be expected, the overstocked stand, plot 39, shows a 
maximum cubic and cord volume. Plot 46 illustrates very well the 
benefits to be derived from a slight understocking such as would be 


PER 


A =Flot G9 aged 63 yrs. 
B=Flot 46 aged €7 yrs. 
C=FPlot/7 aged 65 yrs.. 


Fic. 3.—Effect of stocking on yield. Comparison of actual measurements of sample plots approximately 
65 years old, with the average measurements for a 65-year-old stand in the second growth yield table. 
All stands Quality II and measurements are for dominant (including codominant) and intermediate 
trees only. Plottings are in percentages of the normal or average values of the different factors. 

brought about by thinning. Thus, with a normal height growth a 

13 per cent understocking was accompanied in this instance by 

increases of 8 per cent in basal area, 12 per cent in average diameter, 

16 per cent in board-foot yield. 9 per cent in cubic-foot yield, an 11 

per cent in cordwood yield. 

BRUSH DISPOSAL. 
_ One of the most potent sources of danger to spruce forests in general 
| is the brush and, more particularly, the lops or branch wood which 
| litter the ground after logging. The culled logs and tops from which 
| the branches have been lopped do not of themselves constitute a 


| 
| 
( 
| 
| 
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material source of danger, provided they are brought into contact 
with the soil and rapid decay thus induced. Spruce branch wood, 
however, on account of its resinous character, is particularly inflam- 
mable and resistant to decay, and constitutes a fire menace for several 
years when unlopped and from 7 to 10 years when lopped. In the 
forests where spruce is the predominating species, and particularly 
in the dense second-growth woods, an enormous quantity of such 
branch wood litters the cutting area. The ground is likewise covered 
with a dense mantle several inches in depth of dry needle litter, small. 
twigs, and old cones. Ail this débris when exposed to the action of 
sun and wind with the cutting off of the forest cover, is quickly dried 
out and remains for several years an acute fire menace. The excessive 
branch-wood litter following lumbering and the deep humus cover 


_also greatly hinder spruce reproduction on such areas and help the_ 
hardwoods and balsam to take possession through their superior 


ability to force their way to mineral soil. 

When the seiection system or other partial clearance cuttings are 
used or where the present age of spruce to be cut-is not great, and where 
also a subsequent cut is dependent upon the maturing of seedlings or 
small trees which are on the ground at the time of the first cutting, 
the disposal of brush by burning is ordinarily not necessary unless the 
cut-over area is one on which there is special danger of fire getting a 
start. 

BRANCH WOOD LOPPED AND SCATTERED OR PILED. 

If only a little brush is produced and the fire danger is remote, the 
brush from the carefully lopped tops may be scattered about over 
the ground, thus hastening its decay. This method has given satis- 
faction where it has been tried in certain instances in the Adirondacks 
at a cost of from’ 15 to 25 cents per thousand board feet of lumber cut. 
Where more brush is produced than can safely be disposed of im this 
manner, the tops should be lopped and the branch wood piled. This 
will bring the larger material in contact with the soil, thus hastening 
decay. The segregation of the more inflammable material in compact 
bodies will reduce to a minimum the hindrance to reproduction and 
will effect a corresponding reduction in the danger from a rapid spread 
of fire should one start on the area. 


BRUSH BURNED AS LOGGING PROCEEDS. 


Excessive amounts-of brush such as arise from the clean cutting 
of dense pure stands should be disposed of by burning. The most 
economical means of doing this is to burn the brush as the logging 
progresses. This is feasible when the ground is covered with snow or 
is damp so as to prevent the spread of fire. Small fires are started 
near each cutting crew and as the trees are felled the branches are 
lopped by the swampers and thrown into the fire. As the cutting 
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Fia. 1.—AN UNLOPPED Top. A FIRE MENACE FOR FULLY 15 YEARS AFTER CUTTING. 


| Fia. 2.—A PROPERLY LopPED Top. ALL PARTS BROUGHT IN CONTACT WITH THE 
| GROUND, PROMOTING DECAY AND THUS MATERIALLY REDUCING THE FIRE HAZARD 
. AFTER FROM 5 TO 7 YEARS. 


BRUSH DISPOSAL: TOP-LOPPING. 


PLATE VII. 
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Fic. 1.—BRUSH PROPERLY PILED READY FOR BURNING. 
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recedes from a fire and it is impracticable to build a new one, the 
whole top is hauled near the fire by the skidders before being trimmed. 
The advantages of the method are several. The brush is disposed 
of as the logging proceeds, leaving the ground free for skidding. 
‘The cost of handling is kept to a minimum, since the branch wood 
is handled oniy once and does not require to be cut up small to insure 
being completely destroyed, since the tops burn readily, even on the 
snow or in stormy weather. The time of logging in these forests, 
particularly those in the Northeastern States and New York. is 
generally the late fall or early winter when the weather is damp or 
snowy and the danger of the fire spreading is almost negligible. By 
this method a minimum of area is burned over, which is of importance 
when there is young growth on the ground to be protected. A too 
dense young growth or deep snow at the time of logging makes the 
method impracticable, but for the stands here considered these 

_ hindrances will seldom be encountered. 


BRUSH PILED FOR BURNING. 


Where cutting is done in the spring for peeled pulp wood the weather 
conditions may not be favorable for the use of the method just de- 
_seribed. In this case the brush would be piled when convenient and 
the burning deferred until subsequent damp weather or until after 
the first snow of the succeeding winter. Brush piling is best carried 
on in conjunction with the cutting and skidding operations. It is 
| then only necessary to employ one extra man, who cuts up and piles 
| the branches as they are lopped from the stem. The brush is thus 
(immediately cleared away for the skidding of the logs and a second 
handling avoided, which means a considerable saving in expense. 
(Then, too, ‘more efficient work results when the men who trim the 
‘pile work together. Supervision is also less costly when the brush 
piling is made a part of the logging work than when it is a separate 
operation. 

Brush piles should be small, not over 10 feet across and 6 feet high, 
with the branch wood closely and systematically piled, tops of the 
branches toward the center of the pile, the small branches in the 
‘bottom to facilitate the firing of the pile, and the piles well isolated 
from one another, from down logs, lopped tops, reproduction, and the 
trees to be left standing. Trimmed sticks leaned against the pile 
hold it in shape, keep it from being blown over, and render it more 
compact for burning. Compactness in piling is the key to efficient, 
clean burning. Loosely piled brush requires repiling or constant 
tending when burning to insure complete destruction, both of which 
operations are expensive. The cost of piling and burning varies 
with the condition of the stand between 10 and 50 cents per thou- 
sand board feet of timber cut. 


( 
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BURNING THE PILED BRUSH. 


Careful organization of the work should precede the burning of | 
piled brush. A sufficient force of men equipped with fire-fighting | 


imp!ements should be on hand to prevent the fire from getting beyond 
control. Burning should not be attempted in windy or dry weather. 
The most opportune time is after the first snow of winter. The 
piles are then dry enough to burn well, except for the outer snow- 


covered layer. There is little or no danger of the fire running along © 


the ground, and the snow cover on the branches of the standing 


trees affords the necessary protection against their injury y by the { 
rising flames. In the absence of snow, damp weather is essential _ 
to insure the ground being wet enough to prevent the spread of the | 


fire. With a slight wind, other things being favorable, burning may 


take place, provided the fires are started on the leeward side of the } 


area and progress against the wind. Likewise when brush is being 
burned on a slope the uppermost piles should be started first, the 
progress being from the upper to the lower level of the slopes. A 
further precaution is necessary where the piles are close, namely, 
that only every other or every third pile be fired at first and these 
allowed to burn down before the remaining ones are started. If all 


the piles are fired together, a strong uninterrupted upward current | 
of heated air will inevitably cause injury to the remaining standing | 
trees even if they have short crowns, well up from the ground. The | 
alternate unburned piles act as a check by interposing cool air spaces, | 


thus isolating separate fires. 


BROADCAST BURNING. 


Broadcast burning has been previously mentioned in connection — 
with the clean cutting in strips of even-aged spruce stands. Here | 


the object is not only to get rid of the large amount of brush which 
cuttings of this sort yield, but to clisineter as well the deep accumu- 


lation of undecomposed litter which greatly hinders the coming in of — 
spruce seedlings and also constitutes a menace to what seedlings do — 
succeed in getting established by endangering their future destruction — 
by fire. It is also cheaper than piling and burning. In using this | 
method the logging is conducted in the ordinary way, except that the | 
tops are lopped to allow the mass a better opportunity to settle and — 


thus facilitate clean burning. 
The same or greater care must be exercised in using this method 


to insure its complete control. Favorable climatic conditions must — 


be chosen and a well-equipped force of men provided. The slash 


should be fired at a time when it is dry enough to burn well, but not — 
so dry as to endanger the adjoining timber and allow the fire to get — 
beyond control. The brush in the open area will dry out more rapidly — 


after a drenching rain or moderate fall of snow than will the timbered 


{ 
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area, so that if the fire is properly timed the brush can be burned 
while the timbered area is still too damp to burn freely. 

Isolating and subdiwiding burning area.—The area to be burned 
over must first be isolated from the contiguous uncut areas by the 
clearing of all inflammable matter from wide strips on all sides. This 
may be accomplished by throwing all tops and lops for a distance of 
from 20 to 40 feet from the edge in toward the center of the cleared 
area. It would be preferable, though, to clear away, pile, and burn 
all brush on such strips in the manner previously described before 
attempting to burn the remainder. If the cleaned area is of con- 
siderable extent, a wise precaution would be to pile and burn similar 
fire lines through the middle, thus dividing the area into halves or 
_ quarters. If the area is small, the logging roads will serve as inter- 
. mediate fire lines. 

With the necessary control lines cleared and burned, the generai 
, burning would begin at the leeward side or along the upper end if the 
cleared strip is on a hillside. The plots between logging roads would 
/serve as units for burning. Only alternate plots along the leeward 
or uphill front should be kindled, and these should be allowed to 
| burn down before another set is fired. 
‘The method is unquestionably more dangerous than burning in 
| piles, demanding a larger force to handle it. Careful judgment in 
} the choice of time for burning is essential. The method should never 
| be employed where the mineral soil is thin or nearly lacking as is the 
' case on many of the steep, bowlder-strewn upper slopes in both New 
'Hampshire and the Adirondacks. Under such circumstances the 
main purpose would be defeated and the slopes rendered barren and 
{ unproductive 


LIGHT BURNING. 


| Under certain conditions the annual or periodic burning of the 
{litter under growing stands might be advisable. Where there are. 
| dense, even-aged, planted, or natural stands in which thinnings are 
not to be made and therefore humus disintegrations can not be con- 
i) trolled, an occasional light burning would afford protection from 
; damage by an uncontrolled ground fire during a drought. The soil 
would also be put in a more receptive condition for reproduction when 
the final cuttmg was made. The operation requires extreme care, 
otherwise its purpose will be defeated. 
_. The recommendation for the use of this means of fire protection 
and soil improvement is qualified and made contingent upon the 
i adoption of the following precautions: 
The stand to be thus treated must be established on moderately 
deep mineral soil. 
Except where the slope is very gentle, any accumulation of litter 
should be removed from the upslope side of the trees before burning. 


Se 
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The burning should not be undertaken until the trees are suffi- 
ciently large to have developed a suitable thickness of corky bark to 
afford the necessary protection from injury, and are sufficiently 
cleared of their lower branches to afford opportunity for the fire 
tenders to get about easily and to control the fire. 

In the absence of roads or other cleared areas which might be used 
for fire control, ground-cleared fire lines should be provided around 
the border and possibly at intervals within the stand, particularly 
if a hillside is to be burned. 

Burning should be restricted to a time, preferably early spring, 
when the loose top litter is dry but the under layers and soil are 
damp. The burning must not be allowed to reach to mineral soil. 

A sufficient force of men properly equipped for fire fighting should 
be in attendance to check a too deep burning and prevent the fire 
getting beyond control. 

The plan of burning in strips along a well-defined and protected 
front with gradual progress away from it should be followed. All 
other precautions mentioned elsewhere should be carefully observed. 

Light burning is not advisable in selection stands where the repro- 
duetion and young growth form a distinct asset, smce they would 
inevitably be injured or destroyed. It has a place where dense, 
even-aged stands are to be cut clean and reproduced by natural regen- 
eration methods, although too much emphasis can not be laid on the 
danger of fire escaping and the taking of every precaution necessary 
to prevent it. 

SOWING AND PLANTING. 


It is highly probable that it will eventually be found profitable to 
plant many of the spruce areas when they are_cut over, rather than 
to wait for the slower and less certain restocking by natural means. 
This will come first on those areas at present covered with even-aged 
stands and such of the selection stands as are understocked with young 
erowth or chiefly cut for pulp wood. 

A comparison of yields will suffice to show the advantages to be 
attained by planting over cutting under the selection system. Thus 
the average yield per acre of spruce in Maine at the present time, 
cutting to a 12-inch diameter limit, is placed by lumbermen at about 
2,000 board feet. With a diameter limit of 12 inches, a period of 49 
years must elapse before a similar amount can again be harvested. 
It is obvious that a cut to 8 inches would still yield material of a size 
suitable for pulp wood and would increase the present cut per acre | 
to about 3,000 feet board measure! (5 cords) and reduce proportion- _ 
ately the cost of logging. But with an 8-inch diameter limit it is 


The approximate correctness of this figure is borne Gut by a yield table prepared for the ‘‘ Lower | 
spruce and hardwood lands”’ in Maine, by Hosmer, appearing in the report of the forest commissioner, 
Maine, 1902. 
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quite probable that a second cut could not again be secured short of 
100 years, and it would also be increasingly difficult, if not impos- 
sible, to secure satisfactory natural restocking. 

By comparison the same land managed under a system of clean 
cutting and planting could reasonably be expected im 60 years to 
vield at least 50 cords from trees 8 inches and over in diameter at 
breast height and an additional 10 cords from trees between 6 and 8 
inches, or a total of 60 cords. A further advantage, though of minor 
importance, is that with the planted stand the material produced 
would be uniformly of a size to be easily handled by hand in the bolt. 
Tf handled in the log, the cost of logging would be somewhat more 
than the cost of handling larger timber. 


DIRECT SEEDING. 


Under certain circumstances it may be found advantageous to sow 
the seed broadcast in the places where the future forest is to be, 
simulating methods of nature. This will give satisfactory results 
where an abundance of seed can be secured cheaply and where an 
extensive area too stony or otherwise encumbered to admit of planting 
economically is to be reforested, but only as the result is viewed from 
the standpoint of the whole. Acre for acre the result will be less 
satisfactory than planting, particularly in commercial reforestation, 
for there will be many bare places, which will increase the cost in 
proportion to the amount of land that les unproductive throughout 
the life of the resulting crop. If the bare spots are planted later, that 
will increase the cost. Other methods of a more or less extensive 
character are: Broadcasting the seed on previously plowed strips; 
planting with a corn planter; or hand planting in prepared seed spots. 
These methods are not ordinarily well adapted to red spruce; for as 
the intensiveness of the method increases, the cost very nearly 
approaches that of planting seedlings, which would be much more 


likely to succeed. 
PLANTING. 


On account of the tenderness of spruce, its exacting demands on 
the quality of the seedbed, and its slow growth in early youth, much 
more satisfactory results will be obtained in reforestation by plant- 
ing than by sowing. The choice of stock is of great importance. If 
the ground cover is dense, the soil wet or dry or subject to freezing, 
or if direct insolation is strong, especially thrifty plants must be used, 
such as three of four year old nursery transplants. For planting on 
an area from which the surface cover has been recently removed and 
the mineral soil exposed two-year-old nursery seedlings will suffice, 
provided the situation is sheltered and the too prolific development 
of brush and weeds can be prevented. A slight nurse cover for 
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spruce is of advantage during the period when it is becoming estab- 
lished. Where each tree represents an investment, however, the 
nurse cover must not be allowed to interfere with the seedling’s nor- 
mal development. 

Costs.—The following cost data for red spruce are based on the 
experience of the State of New York in its reforestation operations: 


Average market price of spruce seed (ranging in price from $3 to $7).per pound... $4.50 


Gorton colloetine seedi 1 JA eu inte oe ta ee ee. orn ees eee $0. 90- 1.50 
Cost per thousand to raise 2-year-old seedlings (based on 509,000 seedlings annu- 

BE) a eae atv a.n.4 20S Pings agitate ities Sty en APU Se gts Se 133 
Three-year-old transplants... 02.25 tec fae Meese eee ae 323 
Four-year-old transplants... 32025. sso025204-- 3255 et oe eee eee eee Sane 


The cost per acre of making plantations, using various aged stock 
and different spacings was as follows: Using 2-year-old seedlings 
spaced 4 by 4 feet apart (2,722 trees per acre), $11.79; spaced 5 by 5 
feet (1,742 trees per acre), $7.54; spaced 6 by 6 feet (1,210 trees per 
acre), $5.24; using 3-year-old transplants spaced 4 by 4 feet, $19.41; 
spaced 5 by 5 feet, $12.42; spaced 6 by 6 fect, $8.63; using 4-year-old 
transplants spaced 4 by 4 feet, $22.67; spaced 5 by 5 feet, $14.51; 
spaced 6 by 6 feet, $10.08. No allowance is made in the above fig- 
ures on planting for the cost of transporting the seedlings from the 
nursery to the planting site, since it is too variable. 


SOURCES OF PLANTING STOCK. 


Because of the slow erowth in early life of red spruce planting 
stock, it is difficult to handle both in nursery transplanting and in 
the field where 2-year seediings are used. This unquestionably will 
be a strong factor in limiting the planting of this species, since both 
white and Norway spruce (Picea canadensis and P. excelsa) are much 
more satisfactory in this respect. For small operations, the purchase 


of planting stock will usually be cheaper than the raising of home- 


grown stock. Where extensive planting is to be undertaken, how- 
ever, the field planting and nursery work can be coordinated to 
advantage and placed under the direction of an experienced manager, 
in which event a local nursery is desirable.! 

The use of wild seedlings of this species, if collected as they occur 
in the woods without selection and transplanted directly to the per- 
manent site, would yield very irregular and unsatisfactory results. 
Such stock would be of all sizes and of various ages from 1 to 10 
or 15 years, with poorly developed, widely ramifying root systems 
and spindly tops. More uniform results would be obtained if the 
seedlings were set in nursery lines for a year, and a careful selec- 
tion and grading made possible. The wild transplants would still be 


1A detailed description of the subject of raising and planting coniferous seedlings will be found in 
Bulletiin 76, Forest Service, U. S. Department of Agriculture, ‘How to Grow and Plant Conifers in the 
Northeastern States.” 
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inferior to straight nursery-grown stock; and the expense of trans- 
planting, tending in the nursery lines, and grading would bring their 
cost up to that of the more satisfactory nursery-grown seedlings. 


SPACING IN PLANTING. 


For general commercial planting a spacing of 5 by 6 feet or 6 by 6 
feet apart is recommended. Moderately close planting is necessary 
with spruce to stimulate its growth in height and to provide for the 
closing of the crown cover and suppression of its lower branches. 
Such a stand properly thinned should show a final yieid in 45 years 
of from 32 to 55 cords per acre in addition to the intermediate yields 
from thinnings. Wider planting, as, for instance, 8 by 8 feet or 8 by 
10 feet, is advocated in some quarters to obviate the necessity of 
thinning under a short rotation for the production of puipwood. 
The timber produced by such a method would be short, big-butted, 
with a quick taper, and clothed with green, or at best poorly sup- 
pressed, dead branches well down to the ground. Such a stand 
might be expected to yield between three-fourths and 1 cord per acre 


per annum with a 30 to 35 year rotation. 


ROTATION. 


Some consideration has already been given to the rotation in con- 
nection with the discussion of methods of cuttmg and of thinnings. 
As indicated in Table 17, a rotation of from 55 to 60 years under 
average, natural, even-aged conditions will yield a maximum of 
pulpwood volume. Judicious thinnings should reduce this rotation 


from 5 to 10 years, increasing the gross volume, including the volume 


of yield from thinnings, at the same time. For saw timber and dimen- 
sion stuff a rotation of from 100 to 120 years should yield a satisfac- 
tory return under management for selection as well as even-aged 


|forest conditions, as shown by Tables 15 and 16. in the case of 


selection fcrests, of course, the quantitative yield would be small as 
compared to even-aged stands, but this disadvantage should be 
offset to an appreciable extent by the better than average quality 
yield. 


APPENDIX. 


VOLUME TABLES. 


The volume tables for spruce which follow are divided between 
the various units of measure and comprise 12 board-foot tables, 
4 cubic-foot tables, and 3 cord tables. 

Board-foot tables. —The board-foot tables are all for old-growth 
spruce, except one of the New Hampshire tables, which is for old- 
field spruce. Since a different log rule is in use in each of the four 
principal spruce States, the data in each State has been worked up 
by the Seribner Decimal C rule for purposes of comparison. 

Of the four Maine tables two are based on the total height of the 
tree and two on the number of 16-foot logs, each according to the 
Scribner Decimal C and Maine log rules. 

The New Hampshire tables are five, one of which, Table 29, is for 
second-growth spruce. The old-growth volumes are given in terms 
both of the New Hampshire and Scribner Decimal C rules on the 
basis of total height and number of 16-foot logs. 

Both New York tables are according to the Scribner Decimal C 
rule, one of which is based on the total height of the tree and the 
other on the number of 16-foot logs. Although the Standard is not 
a board-foot measure at all, tables of volume in terms of Standards 
(Dimmick rule) on the basis of total height and of 16-foot logs are here 
included for purposes of comparison. 

The West Virginia tables are divided between the Scribner Decimal 
© and Doyle rules, each on the basis of the total height of the tree 
and on the number of 16-foot logs. 

Cubic-foot tables.—The cubic-foot tables (Nos. 38 to 41, inclusive) 
are all for old-growth spruce except No. 39 for New Hampshire, 
which is a combination of old-growth and ‘‘old-field” spruce. These 
tables being all for approximately the same utilization at stump and 
top, afford a good opportunity for comparison of development in the 
different localities. According to the tables given, the diameters 
and heights run about the same for Maine and New Hampshire, but 
the Maine trees are generally fuller bodied, as indicated by a larger 
cubie content for the same diameter and height. Had the New 
Hampshire data been from the northern instead of the southern 
part of the State, it would doubtless have exceeded that in Maine in 
height and diameter and in volume as well. This is because spruce 
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is generally believed to reach its New England optimum in northern 
New Hampshire. For equal heights and diameters Maine shows 
fuller-bodied boles than West Virginia, yet in general development 
West Virginia greatly excels. 

Cordwood tables.—Old-field spruce is most commonly sold by the 
cord for pulp, sometimes rough and at other times peeled. Hence 
Tables 42, 43, and 44 were prepared for New Hampshire conditions, 
where old-field growth 1s most prevalent. Table 43, based on 5-inch 
utilization in the tops, was derived from Table 44 by interpolation. 
Table 43 was used for scaling the sample plots for Table 17. 


TABLE 21.—Board-foot volume of red spruce in Maine, according to the Scribner Decimal 
: C rule and total height of tree. 


[CURVED.] 


| Total height of tree—feet. 
lex Bo eather Lt 
Diameter | | 
breast | 40 | 50 | 60 70 80 26 Basis, 
high, | 
| Volume—board feet, 
Inches. | | Trees 
epeeeee: 5 10 LOB nore ae | aes eee lisse, fescie wee 8 
Sree 15 20 iad ipa ea wean Fe leaner ac: i 
ORs seos: 25 30 cil RES omy Re Sereice| (sone ate ee 18 
LO rae oye: 35 45 3a) 60D) ae Nees ee Fe 29 
EE oe ere 50 60 70 oe Ree cached KO ee reer 21 
2S sees 60 8O 90 TO ae oe Note esate 27 
Tee aoaae 80 100 120 1G eee eo shed bao ntecace 20 
1. Sa Seeen 90 120 140 160 LOR ese case 22 
I ae (arc Seen ae 140 170 190 200 PGES eon 13 
Ge ee elie fs se as 160 200 220 240 260 11 
DY AAS Gs CO Stee aera ee 23 250 280 310 14 
TSS lege Ae mee ee eee 260 290 330 360 19 
IN)S Skea 50 acaaatsaeel Daeeise tcl Geneenee ae 330 380 420 6 
Al) epee etc e foe |e ea nee [Bac osu es « 380 430 480 6 
7 Ae a ee eee eee ee 430 490 540 6 
a eee Neca. ae emis | Sete (ance eee 480 550 610 4 
7 ae | ES ae ie a ae re (ee 530 610 680 4 
Dee Re aerial. oe ie |= elena oe | hiss Saree eis | Se cise = As 670 OOM |e ese erer 
. Thos ia See ail epee aeata ei Ma Ho ene 730 830 2 
| 241 
{ 


Based on taper curves, scaled as 8 and 16 foot logs. 


6 to 9 inches. 


Data collected by R. S. Hosmer in Piscataquis County in 1902, 


Stump height, 1 foot; diameter inside bark of top, 
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TABLE 22.—Board-foot voluime of red spruce in Maine according to the Scribner Decimal C 
rule and number of 16-foot logs. 


[CURVED. | 
Number of 16-foot logs. 
Diam- —_—— 
ret 1 | 14 | 2 | 2h | 3 | 3 a4 4h | 5 | Basis. 


a. | | amet 


| \ | 


Based on taper curves, scaled as 8 and 16 foot logs. Stump height, 1 foot; diameter inside bark of top, 
6 to 9 inches. 
Data collected by R. S. Hosmer in Piscataquis County in 1902. 


Taste 23.—Board-foot volume of red spruce in Maine according to the Maine rule and 
total height of tree. 


{CURVED.] 
Total height of tree—feet. | 
Diameter | ] 
breast | 40 50 | 60 70 80 90 Basis. | 
high. | 
Volume—board feet. 
Inches. | Trees. 
{aes 15 20 DO Ween Gictow «alloca end seecl ere o- seeded 8 
Sine wok ses 25 35 AY Oe ate ens ciel aceite mage aval ee Eee 5b as 
Lee 40 50 BOY Ne cc cnc mace Be hele oe ee relle eee ces 18 
105s oe 50 70 80 OO) Sears Lea ae one 29 
tetas oe 60 80 100 ULO: jak teen Be cen car 21 
1 ere 80 100 120 130s 24 seca eee | eee 27 
185 sean. 90 120 | 140 160 tale peels cee 20 
tf See 110 140 170 190 ZLOY ie onae oer | 22 
Wie chee o oibeds siete ney 170 190 | 220 200) AE gc ee eee [ 13 
| h i aera aes Pama Aas | 190 220 | 250 280 310 11 
ieee tao Moke same tee 250 290 | 320 360 14 
| Ee ee Rr niet (are aan 270 320 370 410 19 
19 nade sleoe mee tate pete ones Se eae 360 | 410 460 6 
QO Rad das. Rawat led.crenid. ceo oe erat 400 450 520 6 
71 en Pere ise. hasceacacte nl. a oepeeeeet 440 500 580 5 
DOS cccrsc'o ajo cece Sable ae tani eal ase ee | 480 | 550 630 4 
7 te eee eee carey. as Sera bin Soares | 520 600 690 4 
Die sac: lon cuencn ieee ean ee eee: 650 750s |S ee 
DB eee. on. okra eee een ee [appear ae 58 | 700 810 aI 
| 
| 241 
| 


Based ontaper curves. Logs scaled inlengths of from 8 tol6feet. Stump height, 1 foot; diameter inside 
bark of top, 6inches.  _ 
Data collected by R. 8S. Hosmer in Piscataquis County in 1902. 
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- Tasie 24.—Board-foot volume of red spruce in Maine according to the Maine rule and 


number of 16-foot logs. 


[CURVED.] 
Number of 16-foot logs. 
Diameter 
breast 1 | 13 | 2 | 24 | 3 34 4 4} Basis. 
high. | 
Volume—board feet 
Inches. | Trees. | 
Tie 20 7a a eee | Saee aaee Perera sie [tearm aun eae | ee eee Sai 
ae | 30 35 Tekin Sole [Seantee ogee 5 eter cml ee aes mer ELT 11 | 
Sees ss 35 45 ea IA i [eteeteeee- PSS led oc as cle peal Pe ea 18 
10 45 50 70 80 Jo--se-2-e- Nace ie] (Fei eer ee een 29 
il 50 70 80 UD ee sone see eeceeaoe Specks saclea cates ar 21 
12 | 60 80 100 110 DAD Mae eeeretepaycysinte state isis craters iaoetet ele ate 27 
LOR eee. ISpneace doo 90 110 130 COD eit Aes artes ell eiar Se oata| See sic Sep 20 
1 er Ee eer laisse sta see 130 150 180 2B I ies « Shiu ers cmisienate 22 
t RUS ein bc. llappeanene al bopetEe as 150 170 210 PAO N Gece cts aloe see ce = =o) 13 
(Ae a ie es oe rece ee ol year eee 170 200 230 270 SLOM Ge conc aces 11 
Ae Lipa el ie Neen PE 8 Oo Sac 220 260 300 BDO ee Se eo! 14 
LS uare | Practotetai=tesn gs avers m\acdayete' liars 'e a(s:aia-ciee 250 290 340 390 440 19 
Selene spate lee stote etayera text | mio cafe avateinyaicorsle Gisiasiog |e ciee cise 330 370 420 480 6 
eee eset rab eiocias sesinal Occ ce se ciciel aia oe Sere 360 410 460 520 6 
7. Seo s4iceeeaabane Becunoceda pescspoeees acreeneaes 390 450, 510 570 6 | 
One Minne aaieio reste ca aie micas (a | S)Sa ee incite maine ts wcccfesacwccsac 500 560 620 eo) 
Bi oi: chide Stic od PO ReNOG Geel (Rae peters | ApeParacaeaes 1H (esas epee Mee 550 610 680 4 | 
74:4 RS Perea teres reese | santo arcict-ie | sae eteteiana| tararek eee eee Sete 670 TAQ MA Bes Saks 
15) 5 eae Pete seers | evs aeveeiaia a cieteoelsteictos| lance oe ates] seek oe calslacanes see 740 820 2 | 
| 241 
| 


Based on taper curves. Logs scaled in lengths of trom Sto 16 feet. Stump height, 1 foot; diameter inside 
bark of Lon 6 inches. ; 
Data collected by R.S. Hosmer in Piscataquis County in 1902. 


Tasie 25.—Board foot volume of red spruce in New Hampshire according to the Scribner 
Decimal C rule and total height of tree. 


[CURVED.] 
Total height of tree—fect. 
Diameter 
breast 30 40 | 50 | 60 70 80 Basis. 
high. 
Volume—board feet. 
Inches. Trees 
OBEOAN 20 24 31 40 ire Peace a | 76 
Quake. Se 26 32 40 52 yi Reece eae 75 
Qe ee | 32 40 49 63 80 9 87 
= ers Baye cis 36 49 59 76 95 120 76 
Oe cierewiate 40 58 72 90 110 140 87 
tee aioe ia sisretetere! 68 85 100 130 160 54 
Ae | or ctscrceteraie 78 99 120 150 180 68 
HO eierac can loctersis cies 90 110 140 170 210 33 
AG tec ee al ceraste aerate 100 130 160 200 240 | 36 
AM icraecrclss| lente sale ces 120 150 180 230 270 | 24 
: oe BE SSe odenoooe 130 170 210 260 310 21 
ee ee ee Soe aa 190 240 290 350 13 
SA) eee areal ie tata. cre moet | Sincere oe iereis 210 270 320 390 9 
CAE See er [em eel I ae ae 240 300 360 430 3 
PAE ee bes Say oe ae seinen 270 330 400 470 3 
Dore Ss a.<| eras Awiais Se laslog ciclo | mewpiec sree 370 440 DIO | eee 
72) ete IN ES aes See |< 2 ee ee ee eee 410 480 STOR eee ene 
DOG ees te eae Albee es cont ospeewctos.|| 450 530 G20 maleset een 
PO Rae ners ase ncaa iciallidwiwatine-wetcslacues ees ae | 490 580 670 3 
| 668 


Based on taper curves; scaled mostly as 16.3-foot logs, with a few shorter logs where necessary. 
Stump height, 1 foot; diameter inside bark of top, 6 inches. 
Data collected by T.S. Woolsey, jr., in Grafton County in 1903. 
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Taste 26.—Board-foot volume of red spruce in New Hampshire according to the Scribner 
Decimal C rule and number of 16-foot logs. 


[CURVED.] 
| | Number of 16-foot logs. 
Diameter 
breast il 1} | 2 24 | 3 | 33 t Basis. 
high, 
Volrme—board feet. 
Inches. Trees. 
& 76 
9 75 
10 87 
il 76 
12 87 
ns ae 54 
14 | 68 
15 | 33 
16 | 36 
17 24 
18 21 
19 13 
20 9 
21 3 
22 3 
23 ee 
DA cared ents lie were es corn [ee ieiesate-eteie ail srsneienereieie eral ae ie | a EERO Wa ed nas othe 
QD | cetepisewt'els| =eleedcieimna|sosenintiee =|>simmerrimelii@ | EAU ie eyelets te ee UU ae 
26 3 
eee S| 
| 668 


Based on taper curves; scaled mostly as 16.3-foot logs, with a few shorter logs where necessary. 
Stump height, 1 foot; diameter inside bark of top, 6 inches. 
Data collected by I. S. Woolsey, jr., in Grafton County in 1903. 


Taste 27.—Board-foot volume of red spruce in New Hampshire according to the New 
Hampshire rule and total height of tree. 


[CURVED. ] 
Total height of tree—feet. 
Diameter | 
breast 30 40 50 60 70 80 Basis. 
high. | 
Volume—board feet. 
Inches. Trees. 
8 4 Ol lic eeeenee 76 
9 60 (BS ese as 75 
10 78 91 100 87 
di 97 110 120 76 - 
12 120 130 150 87 
13 140 150 180 54 
14 1€0 180 210 68 
15 180 210 240 33 
16 210 240 270 35 
17. 240 270 310 24 
18 270 300 350 21 
19 300 340 390 13 
20 330 380 430 9 
21 300 420 470 By 
22 400 460 510 3 
23 440 500 HCO |e sen once 
24 470 540 610' ee eee | 
25 510 580 660M Lee Ss | 
26 540 620 | 710 3 
| 
| 668 


Based on taper curves; scaled mostly as 16.3-foot logs, with a few shorter logs where necessary. 
Stump height, 1 foot; diameter inside bark of top, 6 inches. 
Data collected by T. 8S. Woolsey, jr., in Grafton County in 1903. 
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‘Tasie 28.—Board-foot volume of red spruce in New Hampshire according to the New 
Hampshire rule and number of 16-foot logs. 
[CURVED.] 


| 
Number of 16-foot logs. | 
Diameter Nl | | | 
Dressel wi it~ ae fe 2 |. 9 On 3 33 | 4 | Basis, 
high, | | | | 
Volume—board feet, 
| 
| | | l 
Inches, | | | Trees 
8 26 34 | 49 (ht | eRe ates | eee Jamra Nickel 76 
9 25 43 | 57 Gata | Meet, ee ae sae eale aoe i 2 Lt TS 
10 44 | 53 | 67 86 | ITTY OO ese Sear age Se | S7 
ile 55 64 78 98 TOO seeped ere, Uren ea 76 
12 | 66 76 92 110 | 130 LOOM Scere eer oe | 87 
v8}! Bl Mee eae 88 110 120 150 SOE aeeee ee jt 
0 a life Ae 100 | 120 140 | 170 200 240 6S 
Ope eee era. 120 _| 149 160 | 190 | 220 270 33 
13} ee ae anaes eee 160 180 | 210 250 300 36 
LE Ts | Sees: Ne eg 180 200 | 240 280 320 24 
1a aS Seite steel ee 200 220 | 270 310 360 | 21 
1G) a Se Reta ee eee ey a hve 250 300 340 390 | 13 
0} 2 Seale ES a eee See eae 280 | 330 370 430. | 9 
SHY, | ee recat naa a a Oe ae A 310 360 410 470 | 3 
SUR, '9) See A ts ee See t > 0 Nae | 340 399 459 510 | 3 
23) | Bh SE Ree Pad as Pines eee ese Wi ees Se ead aie Pac Tis nas 420 490 DOO) Meo oee 
Para ne eae Eo Loree eon ee sO ek et ICS Era 460 5S 590M | pe ae 
TG) | OE iy | ha) ea nee 590 570 GS0i Pee ee 
2 gE oe Pace ee nS |e ieee eae gens | 540 | 610 670 | 3 
| | — 
| | | | 658 
| 


Based on taper curves; scaled mostly as 16.3-foot logs, with a few shorter logs where nezessary. 
Stump height 1 foot. Diameter inside bark of top, 6 inches, 
Data collected by T. S. Woolsey, jr., in Grafton County in 1903. 


TABLE 29.—Board-foot volume of old-field red spruce in New Hampshire according to 
the New Hampshire rule and total height of tree. 
(CURVED. ] 


Total height of tree—feet. 


Diameter | | 

breast 40 59 60 Basis, 
high. | | | 
Board feet. 

Inches. | | Frees, 

7 18 23 28 | (1) 

8 | 30 37 44 (1) 

9 42 59 59 | a) 

ld 55 65 76) | «() 

11 68 80 93 | (1) 

146 tee eee 96 111 (1) 

1 (eer Seep em 113 129 | (@) 

LES ee 129 TEES 14) 


1 Impossible to give, old table. 


Sealed ‘straight and sound” in tree lengths cutting to a diameter outside the bark of 6 inches. Tf logs 
are cut to a limit of 4 inches in the top, trees under 10 inches will scale about 10 per cent more; those over 
10 inches about 1 per cent more. 

Based on the measurement of 579 trees made by T. S. Woolsey, jr., in 1903. 
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TaBLE 30.—Board-foot volume of red spruce in New York according to the Scribner 
Decimal C rule and total height of tree. 
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(CURVED. ] 
| Total height of tree—ieet. 
Diameter | | 
breast 30 40 | 50 60 70 | 80 90 100 Basis. 
high, | i 
| Volume—board feet, 
| | 
Inches. } | Trees. 
8 18 26 | 34 | 41 AD ANE see ee als eeepc S| eee ee 87 
9 26 35 | 43. | 3} 67 EY apenas Sree ae eek ee a 63 
10 35 45 55 67 78 90 LOOM eek gee 158 
11 45 56 | 68 82 96 110 130 140 178 
12 | 55 67 | 82 97 110 130 150 170 214 
i Es elt ee iene ah = 75 97 120 130 160 180 200 136 
LA Aalic Aik hove. 90 110 130 160 180 200 230 180 
Se ey eee ety 100 120 150 180 210 230 260 112 
Gina es Nea oie 2 Sete 140 170 200 240 70 300 93 
Dg Uae Aaah ciel ie Aa | 160 190 230 270 300 34 79 
DSP a etesei sn Qeetite ahsta eee SNe | 180 220 260 300 340 380 Fie 
ILO Way Fan ha sue neal ercie pane oe eee Rynisiens tovebs 250 290 340 380 430 39 
PAO) Les crane fas al ee Mee ies ERS SSC Recs, ~ 270 320 #380 430 480 | 44 
AED) ea oe led bere are pe \eesetereyys DS 300 360 420 480 540 | 17 
DDN Se sie CARS oo8 AN oe | Byte: 2 Aas 320 400 470 540 600 16 
QB alae Se acco a eal ee See cee sexoeeGar ets 440 530 600 670 | 6 
27 SO ae Ee Bek RI ape Lee tie =| ea epee ra 490 580 670 750 | 6 
SRP I ose Soe hc RA bon SLO Soe 540 640 740 840 | I 
iy | eee | ee rs eee ete ees Bee eee 600 | 710 $20 930 1 
| 
| 1,507 


Diameter inside bark of top, 6 inches; stump height, 1 foot. Based on taper curves; scaled mostly as 
16.3-foot logs, with a few shorter logs where necessary. _ ; : 
Based in part on measurements taken under the direction of the Superintendent of State Forests, New 


York, in Essex and Herkimer Counties, 1912, 


Tasie 31.—Board-foot volume of red spruce in New York according to the Scribner 
Decimal C rule and number of 16-foot logs. 
(CURVED. ] 


| Number of 16-foot logs. < | 
Diame- — ] ae ] | 
ter | 1 | 2 © 1 ’ | yet | x | eae 
breast | 1 | 1} | 2 22 3 | 32 | Cem ihee ce: i) Basis. 
high, |————— ; ase 
Volume—board feet. 
== : 7 =a 
Inches. | | | Trees 
8 19 32 43 BO! i sees cece Sete ea Aade =| £o een |S 87 
y 24 | 36 49 64 (Ee soos | 23 BB sccalasines ec pases 63 
10 30 41 56 72 $5: [2 aL00% | ee 3 ee 158 
il 36 47 65 81 98 120 | nae ee hs: nites 2 178 
13). 42 D4 74 91 | 110 TSO! |) WLGO! ese eh ee os eae 2i4 
ile eal eee ee 60 sd 100 | 130 150; 0. SLS0!") eee ees 136 
Tel ecce ees 67 | 95 120 140 170 | 200 O30 a | eee eee L80 
Scere ons 75 110 130 | 160 190 | 220 26005 |e sees 112 
16 LS eee Stee 120 150 | 180 210 250 290 es come 93 
Tee a eee 130 160 200 230 S70. || mea 20el eae 79 
iTS gp eet Pee 140 180 220 260 300 350 410 i 
The ie ane een Merigeren ae ees 200 | 240 290 340 | 390 450 39 
D0 Seas oa eee ee 210 260 320 370 | 430 500 44 
at eee mee) Ur se Fe Bre” ao 290 350 410 470 550 17 
DE Hens lllonaine Soe ae ose eee 320 380 450 520 600 16 | 
DB idl eee [2 cee esl etestee boa eomaee 350 410 490 570 660 6 
Aad SuSE ape a Cider] es mene 380 450 530 620 730 6 | 
Dome | serene. ee (Seale Receeee 410 480 580 680 800 1 
Doin Neeru lie es |e vowes eoseeeee 450 520 630 750 870 i | 
| | | | 1, 507 
| 


Based on taper curves; scaled mostly as 16.3-foot logs, with a few shorter logs where necessary. Diameter | 
inside bark of top, 6 inches; stump height, 1 foot. 
Based in part on measurements taken under the direction of the Superintendent of State Forests, New 
York, in Essex and Herkimer Counties, 1912, 
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Tape 32.—Standard volume of red spruce in New York according to the Dimick rule 


and total heighi of tree. 


{CURVED.] 
Total height of tree—feet. 
Diame- z = 
ter P . 2 Se, 
Dxsast 30 | 40 | 50 60 70 80 | 90 | 100 | Basis. 
high. U ae =—= zt 
Volume—standards.! 
| 
Inches | | Trees 
8 0.14 0.19 0. 24 (NP iily OSE) Aer eacesl Meceenee eas es 87 
9 18 224 P30 rule SGP pensdd, eee. See a ee ae: 63 
10 22 29 “on | sda 1 50 ORS Geis sean | here ores 158 
Mille Meet = 34 44 54 62 Syl) Wee ceepel baat cn ee 178 | 
TDP Seon B89 52 -64 | .74 PSOne ORO ul naan oe | joua) | 
pla Mar Vege) ee || eB t .’o7 Bog lon 136 | 
Tee | ane betes ~52 69 84 .99 1.12 1.24 1.36 180 | 
Ti ean aaa a7 Noe 919-4) 98 40 486 12 | 
TI Se eee. | Aaa 86 1.06 1. 26 1.44 1.61 1.76 93 
Re Meee Naat Rae aR, all .95 fees 1.40 1.62 1.81 1.99 79 
US te a eee | 1.05 1,31 1.57 1.80 2.03 2298 7 | 
11 Noes Pasa eae a esa aoeee 1.43 1. 75 2.00 2. 26 2.49 39 
Ti kM ioe eee || MENS ares | a ee 1,55 1.90 DOD 2.51 278 14 
Te Eun ea) bang ea [eR eg ae 1.69 2.08 2. 44 NTT 3.08 17 
TD | SR | Sie anal aie ee 1. 83 2 oF 2. 67 3. 04 3.39 16 
FEY |e SES SRE SEES eee eee | (an 2.47 2. 90 3:32 3.72 6 
BL | ascites be ere 2. 66 3.14 | 3.61 4.06 6 
CA) 5 (aie eee eh sae ee tae oe atts 3.39 3.92 | 4.42 1 
acy ene | SRA Bagee | ee eeeac tela Bete | 3.04 | 3.64 | 4.23 | 4.80 1 
| | [SS 
| | | 1,507 
| I { 


1A Dimick standard is equal to the volume of a log 19 inches in diameter inside bark at the small end 


nd 13 feet long. 


Diameter inside bark of top, 6 inches; stump height, 1 foot. 
oot logs, with a few shorter logs where necessary. 


A cylinder of these dimensions contains 25.6 cubic feet. 


Based on taper curves; scaled mostly as 16.3- 


Based in part on measurements taken under the direttion of the Superintendent of State Forests, New 


York, in Kssex and Herkimer Counties, 1912. 


TABLE 33.—Standard volume of red spruce in New York according to the Dimick rule 
aad number of 16-foot logs. 


(CURVED.] 
Number of 16-foot logs. 
* | 
Diame- — === = (Gace 
ter AAs 9. | 2 | ha ee laneat 
preast 1 13 | 2 23 3 34 4 43 5 Basis. | 
high. . 
i Volume—standards.! 
| 
| | | 
Inches. | | | | Trees | 
8 0.14 0. 22 0. 29 ORS mem lence states (ieee «oe tons | Beals lenefel| (a Sree a seers ere. Slee 87 
9) 7 316 . 24 133 EPA RCA NEE Bec Pee eden Beoeee a 63 
iM), 9 Sak) 8) .38 AT ee SS ian EON OG itd eas eu ten | omer cel eens 158 
| | 22 32 . 43 .53 OSM (Csi ON, (rap. us eos Cees Rass 178 
12 . 26 36 48 . 60 ~t2 .85 (ethehe lise eenca|locemeeas 214 
1 et oe -41 .53 . 66 -80 | ROD le LOS Me tats ee Pai Soe. 136 
1, eee 46 -59 nS 209) | 106) |) 12:23 ey Wee eaten tte 180 
y Vl |eeecen ae .51 - 65 -81 9S) i Leake | 1.36 TSG) eee asses 112 
1S) A) oe eae aes] ee ual .89 1.08 1.29 | 1.50 | ee 93 
jl, NS eee Mee ence Me he mye 1.18 IGEWE 1 ISG Sit Sy ES oe oe 79 
De eerctarota|l sisiars as. -te 83 1.05 1.29 1. 54 LESO eres ON 2.39 77 
1S Dl nese, oe ae ee aes 1. 14 1.40 1.68 1.96 2.17 2. 59 39 
PAU S| Bie oa el Ee Cee ae 1. 22 1.51 1.82; / 2.14 2.48 2.81 44 
CALM les ee scr Rr ace enero ee Rees |} 1.64 1.98 | 2.33 } 2.69 3.05 17 
, SAA hes elie | epee Aa tee ee | ae felevdd 214. 1 2253 2.92 3.31 16 
78 Ti | le nee A eee re eee be ieee ae | 1.92 2.32 2A | 326 3. 60 6 
Bae eee mek eee le eh tea Si es, | 2.07 2.51 2596) } 3u4il 3.90 6 
OMY orien rete seea | as < sane ecis sons | 2.22 27 3.19 3. 68 4. 20 tL 
Tyay | es eta eee ea gee ea a |-238 |. 2.89 | 3:44 | 396 | 451 1 
| 1,507 


1A Dimick standard is equal to the volume ofa log 19 inches in diameter inside bark at the small end 


nd 13 feet long. 


A cylinder of these dimensions contains 25.6 cubic feet. 


Based on taper curves, scaled mostly as 16.3-foot logs, with a few shorter logs where necessary. 


Diameter inside bark of top, 6 inches; stump height, 1 foot. 


Based in part on measurements taken under the direction of the Superintendent of State Forests, New 


York, in Essex and Herkimer Counties, 1912. 
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Taste 34.—Board-foot volume of red spruce in West Virginia according to the Doyle 
rule and total height of tree. 


[CURVED. ] 
Height of tree—feet. 
Diameter | 
breast 50 | 69 | 70 | 80 $0 100 110 Basis. 
high. na re ere | 
| Volume—board feet. 
| 
| 
| Inches. | | Trees. 
(ee eee D 1 Ua eee Ree vee eee) Fem ree OA bai Bee en et tel ee se , 2 
(0 Ree 15 20" |) 2 AAS eS wcae.c cee Ser ome are teen ee ene See ae 10 
halOhsaccs 2 25 30 30 BO} "Aad creme Tole re ey ae eae 19 
Reece 6 ape lee 35 40 45 BQ | sy cec ee | eee rege 40 
oe (ape 45 50 60 70 SORE kee i eneeeene 33 
Vere SON) yd OOS Ae | eee 42 
| 140.2) eee 38 
\ USO |) eecceeseee 29 
| 220 | 240 31 
| 260 230 23 
| 310 350 24 
| 370 110 16 
430 470 22 
450 540 18 
560, 610 18 
630 69 15 
700 770 6 
780 860 8 
| 860 960 4 
940 1,0;0 5 
1,040 | _ 1,170 6 
1,140 1, 290 3 
1,240 | 1,400 1 
1,340 1,530 2 
1,440 1660. \ckecescene 
1,540 1,800 1 
1,650 1,040 sn eee 
| 416 
} 


Based on taper curves. Logs scaled in lengths from 8 to 17 feet. Stump height, 1 foot; diameter inside 
bark of top, 6 inches. ; 
Data collected by John Feley in Greenbrier County in 1903. 


—— 
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TaBLe 35.—Board-foot volume of red spruce in West Virginia according to the Doyle 
rule and number of 16-foot logs. 


(CURVED. ] 
Number of 16-foot logs. 
Diameter | | 
breast 13 2 te Poe 3 33 | 4 4h 5 a as Basis. 
high. | 
Volume—board feet. 

a 

Inches. | | Draie: 
i ee 5 10) oeoedha Goeseese Cauca oo ct eee rer laces ae Se ic Ae oe ie ae a a ma 2 
O\6 ia 0 Ly Boe Re ee cone oa CERES reed (Fics eee esi | (Eo een] | eee | 10 
Ome =. 15 25 30 UM [se Sarees ersts cart SNe ae, | ee ters we | Sed Bm Ns ls! 19 
ee es |arteteriee 35 40 a | See Vee an hoe Rant | ae ec ean ae Ben Boe 40 
ip ype tes Ne tebe 45 5 Oia aca Oar eee alt aS () fico einen fide i Eee 2 eae F 3 
TSR | een sees 70 SO mie Oyen lemme OU sa oe ea Men aie 5 Dee tmp het 42 
Dae ends ee Se cteie 5 SOR eee OO) en ie 910 fem Heat l  Odg altace USO || ears ate | Se 2 tel et Sk 38 
TE es ee ee AE 100 120 140 USO LS Or | eee tee ee aera s. 29 
1 Ge se cecal cot Nias sce | 140 160 180 210 OA Ofte eaves Nis hae 31 
17.--...|-------- oe ee 160 190 220 250 SOM ea aaie ly eek 23 
aE oe Gel Gece FEE cect lS aera aneeese 220 250 280 320 3110) Uilaeeeea ee 24 
TI) m cael eos Se Rs ae eed ee 250 290 330 370 ATOR hor eG Vas 16 
SANs Sas Obl Dee Oes oe eRe ees Sacre eenerees 230 330 370 420 ASQ Moet ee BB 
D5 aaa Sie OSG Ae sa eee eee eee 330 370 420 480 AMM see 18 
7 Sake © |e 55-4 eee ees le Seo eee ee pees 360 410 470 40 BLO eee oo" 18 
Di ed Snellen DROSS SESE OE Se See) eee Pearse 460 530 600 CSOM nee ee 15 
Oh. So all. ceae oe Beet | epee (ears eee eee 510 590 670 760%. eaeaee 6 
Re Meee | eS Sillee et Cede ee le Sale| ee 660 750 830 920 8 
BD no Sl See Biel See eel oer earl [eee een ete a ae 740 820 910 | 1,0:0 4 
Dil +See etl ee Se eee ee psig Sn ott aa ep leeseel omen eae 910 | 1,000 | 1,100 5 
Ce). ee URE Oy Meters Am eee Nae fis pet a NS ety | Ne Seen rel ene es 1,009 | 1,030 | 1,190 6 
FS oS eat yao) eeeare el Wafer: 2p here ee a he reel Se La 1,090 | 1,190 | 1,300 3 
Siig ceehe sl oe) AO one aes Seed |aeeiene ke ets ae ai ae eas ae 1,180 | 1,290 | 1,410 1 
Sole os ame bese ceel eter: MCE pense nae iar eee eee 2) (ene Ae er 1,400 | 1,520 2 
Se ee | rere | ert eps fey (eSeeee AUI ee | ee ae ae cpr oe | W590), |, e640 eas es 
Fey US ee Gott te ool kOe eet tierce eile, (Nena ie) DRG nan Darien aoe ae 1,620 | 1,750 1 

aie aancnlscdédées ba eanob ch atdage cl Goatees mn eoeeecce Ce nee a aes eames 1,750 We ST OS Ulee seers. 2 | 
416 

J | 


Based on taper curves. Logs scaled in lengths from 8 to 17 feet. Stump height, 1 foot; diameter inside 
bark of top, 6 inches. 
Data collected by John Foley in Greenbrier County in 1903. 
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TaBLE 36.—Board-foot volume of red spruce in West Virginia according to Scribner 
Decimal C rule and total height of tree. 


[CURVED. ] 
Height of tree—feet. 
Diameter | ; | Papeete 
breast 50 60 70 80 | 90 | 100 110 Basis. 
high. 


Volume—board feet. 


Based on taper curves scaled as 8 and i6 footlogs. Stump height, 1 foot; diameter inside bark of top, 6 to 
9 inches. 
Data collected by John Foley in Greenbrier County in 1903. 
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TaBLE 37.—BoardJoot volume of red spruce in West Virginia according to Scribner 
Decimal C rule and number of 16-foot logs. 
[CURVED.] 


Number of 16-foot logs. 


Diameter l l fl | [ | : 
breast 13 2 i We | 8 | 33 | 4 4h |} 54 6 Basis. 
high. | | 


or 


Velume—board feet. 


Inches. 


t 


Based on taper curves, scaled as 8 and 16 foot logs. Stump height, 1 foot; diameter inside bark of top, 
6 to 9 inches. pay d 
Data collected by John Foley in Greenbrier County in 1903. 


TABLE 38.—Cuwbic-foot volume of red spruce in Maine. 


[CURVED.] 
1eight of tree—feet. 
Diameter i | | | | 
breast 404] 50 60 70) 180i $90 Basis. 
high. | | | 
Merchantable volume, including bark—cubic feet. 

Inches. | Trees. 
6 3.0 4.5 | GE) esl Ot fe oe Mere cate oe ee 5 

7 5.0 655: | VAG > S| (ees Sees tery nee | gee tat yee 8 

8 7.0 D0 Gla + 0.57 ee ee. coli esec a A eee. 1 

9 9.5 11.5 ! Te Stihl aera, nee Aalto ces aul sasacbesae 18 

10 12.0 14.5 | 17.0 URE Ophea. canoe eee ote see 29 

ll 14.5 Le5 20.5 DANY SS SEE ae SOAR OAC 21 

12 17.5 21-0) | 24.5 rhe tea eee fe oe tee 27 

13 21.0 | 25.0 | 28.5 pe er oie Boece tea 20 

Ue ee See 29.0 3380 36.5 AQEQie ts ace acc oss 22 

Sis bl Veep eee 33.5 | 38.5 42.0 AGC Ope eascee Lk 13 

IKiS "| pees see 38.5 | 43.5 48.0 52.5 | 57.5 11 

. Mi Bee ce nese Samo hoce. ss 49.0 54.0 59.5 65.5 14 
DO hae Soe e a Soe 54.5 60.5 67.0 73.5 19 

EY eileerclael acres or E ieee era 7.0 74.5 82.0 6 

20 wal eee ee ees eee aaa eee faba 74.0 82.5 91.0 6 

A ee |e oe Fe |Saapacooce 81.5 91.5 | 101.0 6 

U2) Woe d wanes ce| Gece eee eee 89.5 100.0 111.0 4 

DOMME Nentelsioare Neiete a s\Nciece letepooncos 97.5 109.0 122.0 4 
DEY Nematcomscel i GenCoenEe Ecubcosbac|suncsbager 118.5 1 BRU bpeseeaeee 

200 | Satys see | Bees eee [elses nisys's.sie(fieierere’ciele.o oie 127.5 | 144.5 2 

| | 
| 246 
| 


Based on taper curves. Stump height, 1 foot; diameter outside bark of top, 4.5 inches. 
Data collected by R. S. Hosmer in Piscataquis County in 1902. 


q 
‘ 
5 t 
] 
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TABLE 39.—Cubic-foot volume of red spruce, virgin and second growth,* in southern New 
Hampshire. 
MERCHANTABLE VOLUME—(UNPEELED). 
[CURVED.] 
Height of tree—feet. Basis. 
| Diameter y; 7 ae 
| breast 40 50 60 70 80 | 90 Second- 
| high. Groat Sih eae. || On 
t ; as ~"| trees 
Volume—cubic feet. only. 
Inches. | 
| 5 1.9 225 350) Pose eee seep cee aes eee 29 29 
6 Ss5 4.2 5.2 64S Pe ea eee 98 98 
7 5.0 6.2 eS) OWN Pie eonsmn oe Laan xe 128 127 
8 6.6 8.4 10.0 eg, a eek! Ge ee 165 163 
9 815 HO 1038 1257 AUR ey bee ee eee Res ee 161 155 
EO clesece cc oee 1355 15.6 T8208 este emeee 113 103 ; 
liliges | 28956 sa 16.5 18.8 QE bel a aheeee Seek se mee ee 78 64 
ie | ie eee © 19.5 22.3 PA ey han fia Web e | URa aecee 63 37 
TS hell pee ae ore Ie ee 26.0 OG. ale esos Dunp tes see eee 42 22 
Tie egal aed Steen bc ceaee nto 30.0 BOUIN lita Gast icine Eee ere eee 55 29 
ail ates A seal ace oe 34.5 38.5 4450 nee ees eee 56 23 
NG aaiecse seasee (eve aries: ee 39.0 43.5 AQZOF Meee 49 18 
Tina Foon ws acta Meee Saas 43.5 49.0 55.0 63.5 38 10 
[Dias nearer eeteaelen, 2 8.0 35) 31.0 70.0 44 9 
pC yen ES oe ee A eee 53.0 ‘ a5 77.0 30 6 
71 er eee ne 58.0 67.0 74.5 §3.5 DIA ee eee 
PA Dine od Caer al oe ee S| ee 74.0 82.0 90.5 Tigi eas se 
DO sp pebaee Suet ewe oe pes gee sene S15 89.0 98.0 Wie eae ee 
D3 yates nase oe |S x hee | thea eee 88.5 96.5 105.0 Kita eos 
ad Lae ee |e cet el Pe 95.5 104.5 114.0 5.1 |Sehee eee 
25 | Eee ae ete ar | Mee nae | aoe 102.0 112.0 123.0 he ee 
DG rile gase caveat ens ste Cale eea ae eee 109.0 120.0 131.5 Pa egos Ba 
Dig seh he to aell Ne ek eye So] PRR oe Oeil hae oes 128.0 140.0 I bee oe 
Dera pee ARP | ee ae Ne ee ake ene ee 135.5 148.5 1 |e 
| | 
| 1,226 893 
1 Values within the black lines are a combination of old-growth and second-growth measurements which ; 


worked up separately gave practically identical results. 


Norre.—Stumps varying from } foot to 1} feet high and tops above 4 inches outside bark excluded from 
volume. 

Bark=11 per cent of volume given. 

Data collected by Louis Margolin in 1906. 
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[CURVED.]} 
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TABLE 40.—Cubic-foot volume of red spruce in New York. 
Total height of tree—feet. 
Diameter | | 
breast 30 | 40 50 | ~—s60 70 | 80 90 | 100 
high. | 
Merchantable volume, including bark—cubic feet. 
Inches | 
Cheese: 3.6 4.5 5.4 G30. |Escctansacle coer sees 
ee re 4.8 6.0 7.2 HE Bes oe peopel baspacenes 
Sitar ses 6. 2 7.8 9.3 10.9 12.4 
eeeeee tad eu 11.6 13.5 15.5 
LOE 9.5 12.0 14.3 16.8 19.2 
1 eel Cee 14.4 17.2 20.0 23.0 
Neer sce | sete cise eters 17.1 20.5 24.0 27.5 
18 Ss seeaens eee 19.9 23. 5 27.5 32.0 
a sc aietera lore Sieyeee mares 23.0 27.5 32.0 37.0 
ne 31.5 37.0 42.0 
35.5 41.5 48.0 
40, 0 47.0 54.0 
44.5 52.0 69.0 
ee yes toto eeicase 58.0 67.0 
be SSE cee eeeeoe $4.0 74.0 
race aaae Brewesoose 71.0 81.0 
AB GaebAn benerascoe 77.0 89.0 
BE Sore ees oe erent [ateteiate wie) o'= 97.0 
Bere neen eetcaceeesloecsuces a6 106. 0 
nose oeeoe Havevataletsyetere:s 114.0 
See secs PCRS Voscaeeec cts e240 
i 
| 


Basis. 


Stump height, 1 foot; top diameter outside bark, 4.5inches. Based on taper curves. 
Based 1n part on measurements taken under the direction of the Superintendent of State Forests, New 
York, in Essex and Herkimer Counties, 1912. 


TaBie 41.—Cubic-foot volume of red spruce in West Virginia. 


{CURVED.] 


Height of tree—feet. 


' Diameter | | | 
breast 50 GO. | 970 | 89 | 90 100 | 110 | Basis. 
high, | 

| Merchantable volume, including bark—cubic feet. 

Inches. | Trees 
IEG oe em OT ON |e sxe Oat sain elo se acne aie aisiereesies meine asta oracles | siousis. c2,erstele | Seievaw ee 
be BER A ee ob eecatned eee ees bse Rae ct Leen ieee) mene ! 1 
|< Se5os-4) Teh a SUES eee ae bese ee Peemeoone Pre csarcrals nell ete araveacet sjess 2 

Bos ddalajsioa| siels.as oe. oers | aicwisisieale oe fee eat a eee 10 
OOR5ia [ete emene Seeman, | pee comes 19 
DAES wi Se aerial ences oe oe | eee nr 40 
29.5 S2eOrl leas ese ter eee eae 33 
34s) 38.015 | boars see Me eee eee 42 
40.0 | 44.5 4850 Peese eee 38 
45.5 | 51.0 DOr Om See oe 29 
52.0 58. 5 64.0 69.5 al 
58.5 66. 0 12.5 78.5 23 
66. 0 74.0 81.0 88. 0 24 
73.0 82.0 90. 0 98. 0 16 
81.0 91.0 100.0 108. 5 22 
88.5 100.0 OES 120.0 13 
pa ae aie rot aare acco eraYale'a(eintars Persyaista Grslece:e 97.0 110.0 L2155 132.0 18 
, 5 132.5 144.5 15 
144.0 15/85 6 
156. 5 171.0 8 
169. 0 185.5 4 
182.0 200. 5 5 
195. 0 216.0 6 
209.0 232.0 3 
223.0 249. 0 1 
237.5 265. 5 2 
2209 DSsnO ele jcsceess 
268. 5 392.0 1 
284.5 Sad OU ce cacten 
457 


Based on taper curves. Stump height, 1 foot: diameter outside bark of top, 4.5 inches. 
Data collected by John Foley in Greenbrier County in 1903. 
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TaBLE 42.—Cordwood volume of red spruce (old-jfield) in New Hampshire, bark included. 


Diameter 


breast 
high. 


Height of tree—feet. 


40 


50 | 60 | 70 | 80 


Volume—cords.! 


0. 028 
- 048 


[CURVED.] 
hie. 
HAR BIR SS © Reese | 
Be ee yaaa ee 
ie Hii Ae aes 
i ata (ees ee ae 
PAN epee ee | 
200 5 |e ece ee 

282 0. 314 

315 349 

348 . 384 

381 -419 

414 - 455 

447 . 490 


Top diameter outside bark, 5 inches. 
County in 1911. 
One cord of stacked wood equals 96 cubic feet of solid wood and bark. 


1 Includes bark. 
Based on ‘711 trees, measured by T. S. Woolsey, jr., in Grafton 


TaBie 43.—Cordwood volume of red spruce (old-field) in New Hampshire, bark included. 


Trees 40 feet high. Trees 50 feet high. 
| a = = 
Diameter Volume cutting | Trees per cord, Volume cutting Trees per cord, 
breast high. to— to— cutting to— 
| 6 inches. | 4 inches. | 6 inches. | 6 inches. | 4 inches. | 6 inches. | 4 inches. 
| j 
Inches. Cord. rd. Cord. | Cord. | 
6. ieee cess ONOS9 2 ats eee oe A E2526 walla. ae eee 5045 7 Recs sme 22.2 
7 0.033 - 060 0.043 - 069 23.2 14.5 
B ss 22 Sate | hse 45,58 le aera - O71 - 093 $4.1 10.7 
Ql mark 2 8 eg ad ah oe oul tae nas eed . 100 .120 10.0 8.3 
LO: ie. =< 225 = theese se Peta oes, .129 144 Wek 6.9 
LS Peete teers paeer ns = ae . 159 .170 6.2 5.8 
| | 
Trees 60 feet high. Trees 70 feet high. 
Gales es 0.052 Bae OSD al: tec erae | RMR Co Pann oo sere Saabs ode 
7 0.051 - 083 9.6 RO Ouleene serrate | AS sieis side piel) See eee 
8 - 088 ~112 1.3 a! el ee Any Pete nel emo at oon 5 
9 .120 .139 8.3 72 0.150 0.162 6.6 6.1 
10 150 -168 6.6 5.9 180 -193 5.5 5.2 
lt 179 199 5.6 5.0 211 . 220 4.7 4.5 
12 212 - 230 4.7 4.3 243 . 256 4.1 3.9 
13 245 . 263 4.1 3.8 266 . 289 3.7 3.5 
14 - 279 294 3.5 3.4 310 322 3.2 3.1 
| } 
Basis, 711 trees measured by T.S. Woolsey, jr., in Grafton County in 1903. . 


One cord of stacked wood equals 96 cubic feet of solid wood and bark, 


we, 
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TaBLE 44.—Cordwood volume of red spruce (old-field) in New Hampshire, bark excluded. 


Trees 40 feet high. Trees 50 feet high. 
i a a a2 
Diameter Volume cutting | Trees per cord, | Volume cutting Trees per cord, 
breast high. to— cutting to— | to— cutting to— 
6 inches. | 4 inches. | 6 inches. | 4 inches. | 6 inches. 4 inches. 6 inches. | 4 inches. 
Inches. Cord Cord Cord Cord. 
(OS lemericn eee QROBZN fe <2 sje Blea. lee seca ce C2020 ae ee cee 25.0 
7 0.028 051 35.7 19.6 0.038 - 061 26.3 | 16.4 
1S ibor S91 Ses Sees one | Soa OS Rees Succ ass aee - 065 -O81 15.4 12.3 
7S SSE ved i es Be | ae Rees ie eee - 088 .102 11:34 9.8 
Qe ere ce eee eo ON Alek uc cec fea see ees -113 125 8.8 | 8.0 
BLU AY tse spe reyere ay otate ca tere all sate ratsteisvaiays | emcee Sarees 137 150 |} 7.3 6.6 
| << ee .— 
Trees 60 fest high. Trees 70 feet high. 
i mi | jl | 
Geass a gs | OROB Te ee as: PG iw Cepeeee ee eee Weeteucs te) atu. aoe 
if 6.046 074 21.7 TR Wl Seep ese cee \etee a eres Re etoe tree peas ere 
8 -07 - 100 12.9 LONO) es cee Veet SPR IE o on 2 \SAEeeeretee 
9 -108 | .123 9.2 8.1 0.133 |; 0.142 | 7.5 | CSU) 
10 etoGe|| 146 1.2 6.8 162 ea lyAles 6.2 | 5.8 
il 161 | 173 6.2 Be 190 199 | 5.2 | 5.0 
12} .186 | .199 5.3 5.0 218 Cy ee Soe ee 
13 213 | 226 4.7 4.4 247 -258 | 4.0 | 3.8 
14 | 243 | 255 4.1 3.5 277 -289 | 3.6 | 3.4 


Basis, 711 trees measured by T. 5S. Woolsey, jr., in Grafton County in 1903. 
One cord of stacked wood equals 96 cuble feet of solid wood and bark. 


TAPER MEASUREMENTS. 


Changing economic conditions, due to invention, increasing demand, 
and decreasing supply, cause corresponding changes in logging prac- 
tice and mill utilization. It is essential that we have some means 
readily available by which volume and other tabies may be revised 
or new ones made as these changes take place. Taper tables afford 
such a means by showing for each 10-foot height class and each 1-inch 
diameter class (breastheight diameter measured outside the bark), 
the diameter inside the bark at 1-foot intervals from the ground up to 
A.5 feet (breastheight), and at 8.15-foot intervals above a 1-foot 
stump height. The allowance of 0.15 of a foot at each 8-foot section 
is for loss in trimming at the mill. The taper tables (Tables 45 to 49) 
for each of the four States are all for “‘old-growth’’ spruce, except 
Table 46, which is for ‘““second-growth”’ or “‘old-field”’ spruce. 
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TaBLE 45.—Taper measurements (diameter inside bark) of red spruce in Maine. 


40-FOOT TREES. 


[CURVED.] 


Height above ground—feet. 


az) ca ' 
2 Swtianowm 14 
a & 
tr) atte Sear irs eaecr ered 
Gr): | My iets i ria © re nea 
2) os ae Ia oak eee eae 
i ceo ae aie 
NQ CE Tact es ACRE Wa eo 
= Biel i Nal aaa 
es at : 


2.8 s1.75, 09 58.05 


1 | 2 | 3 4 ous | 123 2545 


Diameter inside bark—inches. 


2b Ok Caan OL OPEN CRT Gog 8 a 
Calis “Les Tyga Ta aL eT 
FeeoweL cs Mesy ae 0) As we 
yo ere ens Sep aria Fe ie pe 


fie Peo) chee eT ee) 
Ciglttgattoar Geet) mueeth TUM aay 
Teste oD et Ath siete apa 


[im thoi han un np una Se 
Te Nh etna 
oO AY Ih aerate 5 
eA PS) te eh 
MReaae teyhce nen (a). tp iatfows “¢ 
Tier ery eee b) Aves). ae 


ign Dun tan Gn at ae 
YY 0h sleet) etttesoe 
CP CO CTY Sakae Mot eae 3 
fy) Ceuta Onan eet 
7 S06 ae th, aU eeepc 
(a tT ae Petey 


6D st <td cc k= OO 


MNODMmiostooN 


TID OMm~DDOs 
mre 


DRO 0 Oi Ht Ht 
FsSradsciaa 
bon oe ae 


LQ HH A ODO OD OANA 


Soon hee oon ee! 


OOD HID CO OO Pe 


x0) ise a poe aie ieiele ote 


PDAHOHANAM TWH 
bn lio ito ioe oo 


ODMDHONM Hor 


Soon Ion hoes hae ee oe 


Diameter 
breast 
high 


CUM ent cea 
Tan Gee! 16? Fides ome ce 
Teme en a fale ay Seppe 
Cee een ut tek en ed 


50-FOOT TREES. 
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Taste 45.— Taper measurements (diameter inside bark) of red spruce in Maine—Contd, 
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Data collected by R. 8. Hosmer in Piscataquis County in 1902. 


BULLETIN 544, U. S. DEPARTMENT OF AGRICULTURE. 


86 


aaa al | 


3 : 
SHAWNA iN i | oO 


AMAMMBR0O 
Andi ssc 


RAWAL MAM P 


Cregg Perec 


Cater pecan 


aessrsdas 


Orie Teeth Te 
rele ROM AUR tek 
a STS ere 


imagen) Semae uLeae a 
Feary et, aOR ere A 
Pboleie Nort ten ye Ue. 
Haat SL Pee 
Ce at oxy eRe iD tee 


quest be -serte 


N 808 aH dididd 


LQNADIQANBDIDN 


OD HH OO De OO 


Aine N00 OD et rt yet 


CO OD SH HID 1D CO COIS 


OD 09 OD MH XH ID 19 19 OOO 


WIIVAocononrnowo 


HHI OOD COD OD 


MOONDNMAKMo 


MOO Hes OOMOD 


MdGradsgcdid 
aes 


COAotnors 


st tid Or 00 OM 


1D HAM DW 1D 


LE SO Pe F100, 


Be O19 sh Ht Ht 
Hiddmdadd 
anc 


Oca] arikoe. Fest tah 


WOrMAOnA 
ioe oe Be 


CO 0D tH HID ODN CO 


WOrm~OROnN 
rat ri rt 


SSL CO ie ace 


eet rt et et 


50-FOOT TREES. 


Ee OM ES 


See he yn 


BSrAGISAad 
Aci 


SOO HID OM 
sor asdin 
aoe 


On DOnmMHO 


] 
S 
Ss 
Ss 
ay 
x ; : 
oe facil" 2 ‘ 
rt) ig I al 
rss o 
3 g 
= ee, 
& rs 
ca) ee 
= ae 
| oes 
> Wate mine er 
“> ~ e 
= . | a A 
ma | 8 #4 
Stee 
Se eirh reat ae id 
as a = a 
ere a oh 0) 
sou 2 ra ie 
oo 8 6 | 4 Zl 
a 
2s {o) Q Oo |v 
Shy ° ie rs 
= ay ay 19 5 
= Si}st= | g 
= q = 
mR 
ial 
~ oD 
= 
S eae 
s n 
> 
Kc) | 
S 
iS ie 
= | 
§ 
itaeres . 
ggg | § 
& aS fea = 
| AY aa ee 
a 
wt 
2 
A 
& 
<< 
al 


rh Roma et is ay War ye ty 


60-FOOT TREES. 


DOINHNOMNOHNO 
IWSMABASHAS 
reese 


AHOMHROO+A 
SHOHBSH acd 
Sts ted 


COAG SH HH cH HH cH Ht 
CH DASHAAS Hd 
Sess Ses est 


SS toacsicaniio 
MASSA AS 
vet et et et et et et 


HHIDORDAONM 
MOEGSHNAGIDSON 
so aoe lh oes sen ies ho 


70-FOOT TREES. 


HOMDMNOM HOM tHe 
BSSMAKBISSAN 
Sat et 


OID NOP 19 09 © 00 
SOMBRASH Aad cd 
fon Re oe oe Da 


Ci wTastNXIVO AM OO et 
CrABSSOANG HS 
Sess 


MOOOHORROMNH 
NOBASH aed Hd 
SS sast eesti 


AD SH SH cH SH SH <H cH cH xt cH 
MEBSAAS ASSN 
bes lh oe Ih oe oe hoe oe ee 


BESacaictHesns 
rts et et 


HIN Or 


9 
0 
6. 2 
3 
5 
6 


PDO Ae eRe HE 
See Sasa 


en GD 
Ciera feet eee Teng Cos oe eat ee 
(Tet tee Tat Ya Det i Lr ee 
at sere eee SU eS “ext 8 
er gs ae 


> i Ae SOR Oe, 


. Woolsey, jr.,in Grafton County in 1903. 


Po 
x 


Data collected by T. 


87 


New 


THE RED SPRUCE, 


™m 


diameter inside bark) of red spruce (old-growth) 
Hampshire. 


Tasie 47.— Taper measurements ( 


(CURVED, ] 


30-FOOT TREES. 


Height above ground—feet. 


Nectar prs hate 
tT iPad ia) 


Chek: thar th sth Si 
COA 2 Scho" ay 


(eat) eter hie pen 
(Whee at hed eral Meant 
Gh eile hen CO ot ea 
ne vee) ie 
ey ree een 
Ch Duets MSstien 
D Uy UC ol 
GU 05 geittiee cael 
Ae-0 “cmetyeeo crest 


7 
e 
fea) 
mt 
© 
oO 
ir) 
S 
iv al 
wo 
S 
a 
al 
1 
1D 
an 
hare] . 
st “a 
=|. 3 
© 1) 
rl ts 
or} il 
\ 
\ we 
et | us 
a) 2 
———— oD 
so} 
Gd DB 
it q 
Sond —_ 
uw 
a 
S|: 
‘es S 
a 
8 
+ 
oO 
N 


Tigi Oreo 


OO I= S19 st OD 


tea 
TIS RS 


1D 1D UO st SH tH tt 


Ce ee Set 


40-FOOT TREES. 


ANNs dtsisiss sir 


RHE HOR MOOMOO 
OAs ig srr sdagsis 
Sei et 


rt DOMOrMNACrK s+ 
HIG SSNOHBASOHAA SS 
Ses eS es 


AM AMm~OMM HOW OIN OD 
SSSrMOASHAAQS FS 
is cee coe ee ee | 


UD UCD LD HH ett SH EH OD OD 0 OF ON 


Aye eed ets KC ace COL} 


Sn Oe Oh on oe Boe Be hana! 


Pel 0D DOHA OD 09 OD SH 
WON DHHAAG sss 
Se oo Dee ee 


SAAN HINO 
CrOISAN 
rae 


Ag) = CO 2 41 OD HH 


CANN AHIDNO- DHOOM 
CGrLOBASAANG ASK OH 
See SASS St 


INDI DOH} HOM™ DONO 
SrLOHHMAMASSKTS 
MAAR N 


ign et Lin tn hem ct i a 
 OuOwate Ted he Oat oceer c 
Pte Pee ut Oy 0) Cte inch OCT 


Qe Thai ete tp oo Ur Tee teeny 5 
ik Caml Arr 1h se odP arte wm dO 


50-FOOT TREES, 


NU OD OD OD OD SH SH SH HD 1 19 109 6 CO OO 


THAD DAD D wcH Gd HBO 09.00 09 0D CD OO CY 
Hed HdSSSrNHHRASSHAH 
Lata fh | 


OHO HOO HE Pe HOM MOOMD 
MS GSN BADASHAAASAS 
rei Soon Bh oes oe Bee | 


AE MAS eee etc 


SSN MAAS elod os Hid Sri od 6 
RE IC eS = oh ac artes eee fe 


UD AD AD SH HH SH HOD ED ED OD AAA 
BS HSSHAGTESKABSH 
MMS SASS NN 


Es Re 0000 'Gis rer wa NCIC CD Sh SS Sth St 


OT Oot BOE ier) er Par varie nir eg) 


Be ee oe A tn aon ct Sek aus 
ee ee ee ee eal fot ral tie CEN OM OR 


art 


IN CO DACA HOM DOH 6O HINO 
SM KHGAAN AS SHASSHAGH 
Ce. bbe i a ek eee RS PRE 


mter inside bark) of red spruce (old-growth) in New 


DEPARTMENT OF AGRICULTURE, 
Hampshire. 


60-FOOT TREES. 


BULLETIN 544, U..S. 


Tasie 47.—Taper measurements (dia 


88 


a rea herd 
SAA OCMARRRMOR OHH ess mi} o | rm NNAIDOHANA + HN | OD 
x At HN tt 1D | 01 \ sos Or) 
By st ie ae (se || 5 br ioice 
Fe et a 5 Gente chi Reece te iat dn AAMWOAMOMANHOOH HONS 
A TM Ai otk cl “ite. feta Cia hennnetiearie Sciae tweet cris Chto Aone ddddisis is iss ddr 
Fd Tay Death Obici Some tre Ae) Oran 0 Wily athe ANHOANHTROMHORHHROMS HONDOHONDCOHRHNOOOD 
ee en; Ee er Sey me ecstaaistetnt 0) eatek ele ie time rea Ye ae eel cent lay Sey yal vd icve Mie Lea Merde eRe eienos. te, -lerace mae MoT My GW |e ime) Onli eM helene narnepee) eer wheel sie eke stake 
Ce TO an ee a Raa oleae a aes 1D 01D OD OD SH SH tt HD 191 1 OO OP Midd SSCS KHHHIISSS 
DOANMDAHOBANMNHAAROAHTEON AIIAMONDOMAAHNDNOGCCUIHMOr HOHODHONMORO AE MOM 
Addai sddtidididid ii dsc Ss Sonne rH | diddid iid dorrrdadadascsscia WH SRKBHHAGASSHANNG OS 
Sree So Oo et oe oe Oo oe | 
DNOAMNAHODMEArACOHONCOM THOR MODHRNOARA~RMNDNAWHNS HOSOMRNADNOAKRMOMAr~M 
OedididgdcScrrsdaasscdnad IM SSSNNK AAS SSAA OG Id CrKHHOSBSSHAN CHD Hid ISS 
wn resets es Sess Sete eed Oe Oe Bh oe ee Oo oe Be Oe oo Oe 
43 © —<—<—— — 
i A SIS SSSRNASSSSHAAN A O5 Hd IS WSK KASS SRHAAANGS HSS SOK Kr édéSSSHAANG HH SSSR 
| Oe ee Oe oe Oh oe Be eee oe Sn A oe A re oe ee ee ee oe | Presse ssa Sees 
us} YS . - — 
\ 7 
q a | OWNADNOARDOMNMMOMOrRMMOMMOOCD Fs HADIOARDOMADOMOhRAHAHOHR a DMIDMOMDIMMODOMAWOANANH 
° i | wad SSrddASSSHAs SHS Ser 2] SNK BSSSSAAANGS HASH SrKéS a NASSSHAKNSH SSRIS 
5b | bn Or ee Oe Oe ee Oo Oe oo = Se ee oe et ee Be Oe ee oe oe ee | = Ee I ee Oe Oh ol ee oe Be en oe 
C) I ———————————————————EE— te 
) 
& = FOCTHNAOPONOPMNMODOASHMS al DIMIMAWOHNOMDMNMOWMDOHMHIW a HARM IOM DMO MAAMINN 
° TaN OR Rt Nee ere AL Ney LMM te erate Malate inate tere SS w|l cit™ oe") Miia tus; cel ie eta. ful ee Ye, here eye te weet Sates ef ST i ee ene ee eee eee Smee pment Bos. Leeeia nyt «= txtvete ce) 
; 1d: < ANNO Hig igo Rr ODWaS fe) > NOOO HIDOOMr ORAS SAHORNMOHIDONMEARDOd 
a § See ee ee ee PS goal palisal petal eae S SO ef OS a ey er eee pa yt H ON 8 FT pel geal got pel ed ipl sti tO CN 
ay | eee a oS eee 
ee-y [-5) 
rs $ HAAOCAMDERMOANCOHMMOANAWOIOM © AMPODRMNHNAOAOMOHNANCOM [e) COPROCUIMAHOODOMNMNHO 
. SSN AAS SHANA SSR ASGISHa SKS SSHaGsadg ISSR AISA Fy SIsdaAdsdtissSr Ads 
‘ g OS i es NS Se es AN S OO SANA i OS SS SRI AAIAN 
jan a i | a eS ee ee 
= 
et LDA AD HH HH HAHCOMMNANE AAA OS | ID HHHHAHAMMMMANN SSS OO HHHHMMMONANN SAAR OO 
SSR AOSSAASH SSK AHSSHAD HIS | SAA SHAANS HIS SR AS SHAG HS SSAA AS Sr HASHAD SIS 
SY Re NS FS a8 [SERS oe eee SES SEN Fen] Ne lea iet polieet vel eal CLOUT ON SSS ANAAAA 
Pe Be 00 OO St N09 09 OD SH SH CH cH cH OD OD ON C0 COD OA AN 09 09 29 HH eH SH HOD OD OD | Od Ot ND 09 09 SH eH SH HOD OD OD OD 
WEN ASAANAHS SN ASSHAM aS NAGHASdS SK ASSHAS HIS SHAAasASSKASDSHABDTSS 
SSS RB BNNANNNNN RSS SSR NNANNANNANN 
es ee 
CHAN HOON ORDO NOD HH Hd 1919 VOD HAD DO ISD OD ON OD HH HID 1919 
ENASSAASHASKASSHAH HT ISSe AdSSdaAtidrASgSHANsN SSK 
Sette rNNNNNANNAN SRS NNNANNANNNN 
AD I 00 Od HO) SHO BD OO 09 99 HID OE OOD DOAMHOROOCHMMHINOMmMONGH 
SNASHAKSITSSHSSHANS AS SR gH BCSnasdissSAcsdAntissn dH 
tS SS NNNNNANNANNN SSR RNNNNNNNN 
He CEN Gece an SORES. rests Ce ST ar eC ie Py eared ci a ec ae att at Tae taste uaigetoin: oie deel: Cage | 
bs Ci TH OC ATR AL OI 5 2 ip ot VpmaTec Cc Ore MET Y Go opt TO et Pe Ra) Vl is | Mme et OCU ae rea YM a ee Te | 
~ +> PAS dA) CY Gibes @.. Mba sOSrcIt ELON? ING K) eROXEC ORD a ig (0) MAES ISP VE Stated | Eel Fg aig em ORME Ot. YO UR Rae 8) OMG Oe) eR ere | 
eet SOR ee. iP ar ny ect ee aap ce eee te Meer er It! Art) gerbil cette ern raere at aya seco) SO eure 
Sac LOW GCE eran Heber Ui 0 nck ge Johor ane ae year ars ad MCR ea Gn, Ace et vO i See eae ERO TO | 
§ eo CE atreth ae a RMT scm nOATT cvs Lat Cie sCR Ma Oia el tar Tne | nn | mG ea pat TM Ce <P eX pea pC a | 
Bad SRN adn RAF Gia ROCIO i cmon MRNO mw) 9 by alin 6 iReN nen Miata ul tunh tc suite such ts ate | 
aliens SSN DOSTANA HINOR OBO AM HIN WDOOHNOHIDSRMOGSHNAM MINS | 
[ey wees MAMAN ANNANANN SB NNNNN co | | 
| 


Data collected by T. S. Woolsey, jr., in Grafton County in 1903. 


89 


[CURVED.] 


30-FOOT TREES. 
Height above ground—feet. 


THE RED SPRUCE. 


_ Tasie 48.—Taper measurements (diameter inside bark) of red spruce in New York. 
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TaBLeE 48.— Taper measurements (diameter inside bark) of red sprucein New York—Contd. 
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Data collected in part under the supervision of the Superintendent of State Forests in Essex and Her- 
kimer Counties in 1912, 
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TABLE 49.— Taper measurements (diameter inside bark) of red spruce in West Virginia— 
Continued, 
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Da ratelstet 28.0] 26.6) 25.6} 24.2] 22.9) 21.3) 20.2) 19.3 18. 5} 17.5) 16. 2} 14. 6] 12. 6] 10.2 7.4) 4.4 5 
DORE e.2F 29. 2) 27.7| 26.7] 25.2) 23.9] 22.2) 21.0) 20.1] 19.2} 18.2] 16.9) 15.2] 13.1] 10.6] 7.8) 4.6 4 
P eanonee 0. 4] 28. 8} 27.7} 26.2) 24.8) 23.1) 21.9} 20.9) 19.9} 18. 8) 17.5] 15.8] 13.7) 11.1) 8.1) 4.8 4 
285 S58: 31.5} 29.9] 28. 8} 27.2] 25.8} 24.0) 22.8! 21.7] 20.7] 19.6] 18.2) 16.4] 14.2] 11.6) 8.5) 5.0 6 
P Beee 32. 7] 31. 0| 29.9} 28. 2} 26. 7] 24.9) 23. 7] 22. 6] 21.5) 20.3] 18.8) 16.9) 14.7] 12.0) 8.9) 5.2 a 
DO neers Solve 3. 9} 32. 2} 31. 0} 29. 2] 27.6} 25.9] 24. 6] 23. 41 22. 2) 20.9) 19. 4| 17.6] 15.3] 12.5) 9.2) 5.4 1 
Ries. yee 35.1] 33.3| 32.0] 30.1] 28.6] 26.8] 25.4] 24.2! 23.0] 21.7] 20.1] 18.1] 15.7] 12.9] 9.6) 5.6 1 
SO ee 36.3] 34.4] 33.1] 31.1] 29.6] 27. 7| 26.3] 25.0} 23.8) 22.4] 20.7) 18.7] 16.3] 13.4) 9.8) 5.8).-.... 
oom scee 37.6] 35.5] 34. 2] 32.1) 30. 6] 28.7] 27.2] 25.9) 24.6] 23.1] 21. 4) 19.3] 16.9] 13.9] 10.2) 6.0!.....- 
RY ee 38. 8] 36. 6] 35. 2| 33.1] 31. 5} 29. 6] 28.1) 26.9) 25.3] 23.8] 22.0) 20.0) 17.5} 14.4) 10.5) 6.1).....- 
BD eee 40.0} 37.7| 36.3} 34.1] 32.4 30. 5} 29.0] 27.7} 26.1] 24.5} 22.6) 20.5} 18.0} 14.8 10. 7 CB paeeee 
Ob eieure 41.2 Se 37. 4| 35.1] 33.4] 31. 4) 29.8] 28.3) 26.9] 25.2) 23.3] 21.2) 18.6) 15.3 10.9) 6. 5} WSF eD 
| | 49 
| | / | 


Data collected by John Foley in Greenbrier County, 1903. 
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Tables 50 to 53 are all stand tables for the spruce slope type and 
serve as a rough basis for comparison between the four States within 
which the red spruce principally occurs. The principal associates are 
balsam, yellow birch, beech, hemlock, sugar maple, and red maple, 
with incidental arborvite, white pine, and numerous hardwoods. 
These vary much from one place to another. 

TaBLE 50.—Stand of spruce and associates on spruce slope type in Maine—Average stand 
for 20 acres, culled. 


[ Data collected by R..S. Hosmer in Squaw Mountain Township in 1902.} 


Number of trees per acre. 
Diameter breast high. ae eee 
Spruce. species Total 
Inches. Per cent. 
ie oot IESE Sape naeeminanee Meramec at ee ae 2 67.90 26. 55 94, 45 28 
i as 5 22 ie eee cee eta ie Be eee ee 63. 65 27. 40 91. 05 30 
BOS se Rees pee ee ee ae ee 47.25 20. 40 67. 65 30 
7 ee fp OE A A nS eee | 31.05 13. 00 44.05 30 
NDS SORE e See ee So Ren = 5 | 20.40 9.25 29. 65 31 
Bre tn ee gee fone ee ee eee { 16.20 6.95 23. 15 30 
Y ae A OS SEO EE, Pen coer ee ee | 12.65 |! 4. 35 17. 00 26 
She Cap em aca Sek oe 9.70 3. 85 13. 55 28 
De EE 8 ee at ieee cee Dew 2. 40 8.15 29 
AOS RoW PS ae. Fe BA ee } 5.20 2.35 7.45 32 
«It CE SE = RG, oh Seen A ee as oe | 2.05 1.95 4, 50 43 
: a eg a SA RS eR | 3. 05 1. 20 4,25 28 
D3 2 tia eee bone eerie eee 2.45 -95 3. 10 31 
A PR ee dais ls ee Sea eee ee 1.15 1.40 2.59 55 
De obs eats Dasa sees Cleric atk att 1.40 . 90 2.30 39 
WG: 6 $e ioc ee th eee ee eh ce eee 1535 . 65 2. 00 34 
ce Ss ce Aes et Le ee . 85 . 40 1.26 32 
HR ee gy Ree ae de ee te Rr ae . 60 . 40 1. 00 AO 
HOG Fc Bast ace tote ace boo rae see A . 40 1,10 36 
| 
Notdl 5 2 22.. Bapdiatess nals a’ Searels e em 294. 25 126. 30 420. 55 30 
Trees 10 inches and over.....-...... 19. 70 12. 15 31.85 38 
Trees 12inches and over...........- 12. 05 7.85 19. 90 39 
Sq. fi. Sq. ft Sq. ft Per cent. 
Total hasalarea: 2 s:tcse-csces oot 41.5 23.6 65.1 
Trees 10 inches and over............- 19.5 14.5 34.0 43 
Trees 12 inches and-over...........--- 15.0 139) 26.9 44 


1 Culled 30 years before, removing trees with a total basal area of 4.2 square feet; culled 5 years before 
removing trees with a total basal area of 33.3 square feet; culled 1 year before, removing trees with a total 
basal area of 16.5 square feet. P 
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TABLE él. —Stand of spruce and associates on spruce slope type in New Hampshire— 
Average stand for 65 acres. 


’ [Data collected by A. K. Chittenden in Waterville Township in 1903.] 
e 


Number of trees per acre. 


: 7 Other 
Diameter breast high. F ae oe species. 
| Spruce. | cnecies. otal. 
| 
| Per cent. 
22. 20 19. 96 42.16 47 
15. 51 12. 01 27.52 44 
14. 28 12. 08 26. 36 46 
12.94 10. 59 23. 53 45 
11. 20 8. 21° 19. 41 42 
10. 48 6. 76 17. 24 39 
10. 45 6. 83 17. 28 » 40 
11.14 5.18 16. 32 32 
11. 03 5. 39 16. 42 33 
10. 29 Bey, 13. 86 26 
10. 38 3. 08 13. 46 23 
9. 12 2. 64 11. 76 22 
9. 22 2.44 11. 66 21 
Yeny? 1. 91 9. 43 20 
7.89 1. 62 9.51 tre) 
5. 80 ys 7. OL a WA 
5.12 Bul 6. 23 18 
3. 40 - 90 4. 30 21 
2. 48 . 95 3.43 28 
2. 34 . 84 3.18 26. | 
1.18 . 66 1.84 | 35 | 
. 68 31 99 | 31 
45 28 en 38 
. 29 218 47 | 38 
malek «20 34 | 63 
15 Sig OTe 44 
. 09 . 04 13 | 31 
Sale wists oe 05 05% 3} 100 
Serer se 05 05 100 
Bele ey rts - 02 02 100 
aoe cisteyee oe 302 02 | 100 
See rei ee oats Stele atlas ioe ele sais Stasis Sarmaiais . 02 02 i00 
See ae 02 02 160 
Setahy ot. et ee 195.74 | 109.28 | 305. 
Trees 10inches-and over............ | 87.54 | 27.66 5.2 
Drees 12inches.and over....-....-.. 66.22 | 18,70 84. 92 
Sq. fi. Sq.ft fhe 5 
PGUuRMASAIMANeR |. ccecc sss sec: <- cs 1. 1 is. 3 3 
Trees 10 inches and over............- | 104.2 33.7 é é 
Trees 12 inches and over...........-. | 91.4 28.4 98 |} 24 
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Tapur 52.—Stand of spruce and associates on spruce slope type in New York—Average 
stand for 37 acres. 


[Data collected by R. 8. Hosmer in Township 40, Hamilton County, in 1900.] 


Number of trees per acre. 


Diameter breast high. | poEneY 
late Other Rite species. } 
Spruce. | species. ee | 
—_— 
Inches. Per cent. 
it A nitty SC Mtn PRA AD OM SEARS OHO SnS 12. 35 0. 95 15. 30 if 
(ESS eee ia tts SaaS SH OCS ane 9.25 46 9. 81 5 
eae os CEE 9S SE, eee 7. 86 aoe, 8.08 3 
ESR N EE ea cee Damansara ance =e 6.57 14 6.71 2 
(nS Se Ais mney Se ee Bacio 6. 24 <2 6.46 3 
LOM eS Sas ooo onesie ek came 5. 05 02 5.30 6 
TH See asa e bobo ch sacedeheoeaae! 4.57 .19 4.76 4 | 
Be Meroe les creter ot tenes aie tel t-te ere 3. 81 2. 23 6.04 37 
Nace 2: Maer a ebere Ste Sie mie a tension cements 3.4 15/53 4.94 31 
A Sion Es One. nate pete eee ieee | BaD 1.92 ee Th 36 
LOE See es see ae eee ceo Died 1.61 3. 83 42 
1G Bee 5 ey Re Re ee ie eee 2. 03 1. 46 3.49 42 
Ty phe ee tN Pernete eins ors ero 1.65 1. 20 2. 85 42 
LSB oan a lovee ee nawie orem eon cetera 1.19 1. 05 2. 24 47 
1G Sage pee eM Se Ol NE Aaa cairns hs eS . 84 1.03 1. 87 55 
By ee rw, cicvalae alataera a tdaereys aietnis setotemtareretne .70 . 87 iRy/ 55 
DAS SS See EE SEE =r ee ee apy &9 1. 21 74 
De. eaten aaie a ns RES eens eee oe eee 19 - 59 . 78 76 
Do aa eee e cre tise ee eee alae mine eee OS 70 .78 90 
DAA). Be Mss doc ose weaak See eee eimeee 08 54 . 62 87 
DIN sated eens Aue ojo sien © ae eee 03 28 -41 93 
| a en on ene. ob aren Serta ee eee 41 .41 100 
Dy RR AS SME Ea aA ESSE ES 05 21 . 26 81 
Se hag! Oo oratni aie made Stes a njetntal iaiahans eee once teen ee 16 .16 100 
DY a Sec in hces niece 6 oe biewiclsiau ce matoneinee eee tions 22 Bred 100 
Be came aoe see ic te oe on See eee 05 - 05 100 
FL ie ate deiaeie dicen w lle om ses nate aeemine. aan 03 03 100 
BO ac cjgdace tie Sem alee slstde we Sse sine Ceemcetenie 03 - 03 i00 
FO ee cis aia iavaiate sa alais Nite sersicreje SNS e el eae toe 03 - 03. 100 
BA erie care Se iais oeiele cies ci ateya-g sinicieintee ence Recto aoe Sere 03 . 03 100 
TOUGIE 22. ticudie coea se Oeeooete 71. 94 19567" |" 93551 Ze 
Trees 10 inches and over............ 29. 57 i7. 68 47. 25 37 
Trees 12 inches and over..........-- 19. 95 17.17 3712 46 
Sq.ft Sq. ft Sq.ft. | Percent. 
Rotal-pasalaroae ..seees 2. see ees 41.6 31.3 72.9 43 
Trees 10 inches and over............. 31.0 30.9 61.9 50 
Trees 12 inches and over............- 2502 30.6 55.8 55 
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Taste 53.—Stand of spruce and associates on spruce slope type in West Virginia—Aver- 
age stand for 100 acres. 


[Data collected by John Foley in Greenbrier County in 1902.] 


Number of trees per acre. | 
Diameter breast high. ones 
—— Other | otal epectes: 
Spruce. species. | otal. 
= i || ae 
Inches. | | | Per cent. 
17. 05 11,06: -) 28.11 39 
18. 92 12. 19 31.11 39 
20. 44 10. 95 81.39 35 
14.01 8. 22 22.23 37 
9. OL 6. 70 15. 71 43 
6. 03 4. 94 10. 97 45 
5.19 3. 87 9. 06 43 
4, 24 3.17 7.41 43 
2. 95 2. 36 5. 31 44 
2.79 2. 49 5. 28 47 
1. 93 15k 3. 44 44 
eal 1. 59 3. 30 48 
1.56 TGR 2.91 46 
155) 1.36 2. 91 47 
1.35 1. 27 2. 62 48 
1. 20 95 2.15 44 
7 1.10 .99 2.09 47 
1.17 . 83 2. 00 41 
. St . 84 1. 68 50 
. 88 - 81 1. 69 48 
85 fda 1.61 } 47 
73 . 56 1. 29 47 
44 . 65 1. 09 60 
56 . 65 12h 54 
ati) cnt) . 94 41 
33 wow . 70 53 
38 36 74 49 
27 41 . 68 60 
il 28 .39 72 
23 23 . 46 50 
12 24 SoOn| 67 
04 28 vee | 87 
10 - 09 19 47 
03 | peu 3 90 
03 si 15 18 83 
02 Os . 10 80 
pee | 03 . 03 100 
ane | 08 08 100 
es airs. s | OL OL 100 
ee reraessi| O1 OL 100 
b ete ain cigerals OL Ol 100 
BEN cre asteate 02 ~(02, 100 
Notalistindrys..s2..<-35222'- 118. 71 83. 38 202. 09 41 
Trees 10 inches and over...........- 20. 87 19. 92 40. 79 49 
Trees 12 inches and over.......--..-- 16.15 15. 92 32. 07 50 
Sq. ft. Sq. ft. Sy.ft. | Percent. 
Motalibasalianaee ses a5 .osecmec eee 43.6 45.7 89.3 51 
Trees 10 inches and over............ 34.3 39.1 73.4 53 
Trees 12inches and over....-........ S105 36.7 68. 2 54 
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